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INTRODUCTION AND OBJECTIVES 
This study interfaces a U.S. livestock econometric model with a crop 
market econometric model and analyzes the impacts upon the livestock 
sector of various grain and livestock policy alternatives. The livestock 
model, which was developed at the Center for Agricultural and Rural 
Development (CARD) by Roberts and Heady [24], consists of five livestock 
and poultry commodities: beef, pork, lamb, chicken, and turkey. The 
crop market model is an updated and revised version of the market sector 
of the CARD National Agricultural Simulation Model [22, 23]. The crop 
market model is composed of feed grain, wheat, soybean, and cotton 
submodels. 
The combined model is used to analyze some specific policy alterna-
tives. Two areas of concern facing U.S. agricultural policymakers are 
considered. First, the American Agriculture Movement and its supporters 
in Congress have been attempting to enact legislation that would cause 
commodity prices to be supported at high percentages of parity. It is 
important that policymakers consider the impacts on the livestock sector 
of such legislation, however. This is especially true if only crop prices 
are supported at high levels. Second, beef prices have been rising 
rapidly relative to other prices and the Carter Administration has con-
sidered increasing the beef import quota in an attempt to stem beef retail 
price increases. Opponents of such action feel that after several years 
of low prices beef producers should be allowed to benefit from the higher 
1 
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prices. The proponents desire to slow the rate of increase in beef 
prices in an attempt to control inflation. 
The specific analytical objectives of this study are to: (a) analyze 
the impacts on the livestock sector of supporting crop prices at parity 
levels; (b) analyze the impacts on the livestock sector of increasing beef 
imports above trend levels; and, (c) point out changes in the crop sector 
which are important in explaining the policy impacts on the livestock 
sector. 
Background information relating to the policy alternatives analyzed 
in this study and to the general status of the livestock sector in relation 
to the rest of the U.S. agriculture is presented in the next section. A 
brief description of the livestock model, the crop market model, and the 
linkages among the models and commodities is then presented. Finally, 
the model is used to analyze the crop parity price and beef import quota 
policy alternatives. 
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HISTORICAL AND BACKGROUND INFORMATION 
Government agricultural policies were highly beneficial to the livestock 
sector prior to the early 1970s. The agricultural policies of the 1950s 
and 1960s reduced the degree of uncertainty facing livestock producers by 
providing adequate supplies of feed grains at moderate and fairly stable 
prices. The major uncertainties faced by the livestock sector during this 
period were due to weather and cyclical overproduction. Exports had not 
become a major factor in determining grain prices and production [10, p. 121]. 
Even though weather was a major source of uncertainty, its affects were 
Ameliorated by large government-owned grain reserves. 
Stabilization of grain supplies and prices was a by-product of farm 
programs primarily designed to increase and support net farm income. Policy-
makers have long understood that stable supplies and prices are beneficial 
to both producers and consumers. But, programs designed to increase 
farm income address a different policy objective than do programs designed 
to stabilize commodity supplies and prices. The main policy tools were to 
support product prices by setting loan rates at certain percentages of 
parity and to restrict the quantity reaching the market to discourage 
large buildups of government-owned stocks. The large volume of government 
inventories was not a result of policies designed specifically to accumulate 
stocks. Rather, large government inventories were thought of, many times, 
as a negative by-product of policy actions. Large levels of stocks resulted 
because of miscalculations by policymakers with respect to increased 
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yields caused by improved technology; It was these government 
inventories which provided stability in grain supplies and prices and 
encouraged the livestock sector to respond to government grain policies 
in ways not directly considered as policies were developed [17, p. 13]. 
Because of the income maintenance programs of the 1950s and 
1960s, which indirectly resulted in stabilizing grain supplies and prices, 
the livestock sector has undergone a structural transformation. Prior 
to the mid-1950s farms were, in general, more diversified in production. 
Large proportions of them were small, labor-intensive family farms which 
had both crop and livestock enterprises as a hedge against unstable prices. 
Cattle feeding mostly took place in the North Central States where feed grain 
was abundant. Fed cattle were usually sold so as not to compete for the 
farmer's crop planting and harvesting time. Generally, feeder cattle were 
received from the regions of the country with an abundance of range and 
pasture land. This diversification served to reduce uncertainty to the 
farmer by using the farm's livestock enterprise as a buffer to cushion the 
effects of grain shortfalls and surpluses caused by fluctuating weather. 
Short grain supplies and high grain prices encouraged farmers to reduce 
their livestock enterprises as they sold their grain on the market while 
large grain supplies and low prices encouraged them to increase their 
livestock enterprises rather than sell the grain at low prices [10, p. 120]. 
Government policies of the 1950s and 1960s and farm mechanization 
reduced the need for diversification and encouraged specialization in 
agriculture. This trend, along with increasing consumer demand for meat 
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products due to sustained increases in income, resulted in a higher degree 
of stability in profit margins. Because of the higher degree of stability 
in grain prices and supplies and sustained consumer demand, highly specialized 
feedlots for cattle and hogs developed. The broiler and turkey industries 
also expanded and became more efficient as specialization occurred. These 
trends occurred as livestock producers became more willing and able to 
obtain the necessary capital from commercial sources or through capital 
accumulation IlO, p. 129]. As livestock feeding became more specialized, 
stability in grain prices became more important in determining the stability 
of profit margins. Large swings in the price of feed grains brought about 
wide variations in profit margins. Nevertheless, large feedlots continued 
to be profitable because of sustained growth in consumer demand. Production 
by feedlots of 1,000 head of cattle or more continued to increase. In 1977 
68 percent of the fed cattle weremarketed by only 1 to 2 percent of all feeding 
operations in 23 major cattle producing states IS, p.4]. 
In addition to government grain policies, import quotas on beef, veal, 
mutton, and goat meat benefited U.S. beef producers through higher prices 
and profits. This policy was enacted through legislation on August 22, 1964, 
as U.S. livestock pr~ducers became concerned about increasing imports from 
New Zealand and Australia. The law directed the president to impose import 
quotas on these meats if imports were expected to be greater than a certain 
percentage of domestic supply. The critical percentage was determined by 
1959-63 levels of imports and domestic production. The quota level of imports 
was determined by a formula which adjusted the allowable import-quantity 
based on changes in domestic production. The quota did not become effective 
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until imports reached 110 percent of the quota quantity. Also, the quota 
was dropped if imports fell below 110 percent of the quota. In addition 
to the above provisions, the president of the United States was given authority 
to suspend or increase the quota for national security reasons or to provide 
an adequate supply at reasonable .prices I4, pp. 46, 159]. 
Thus, the beef industry became somewhat sheltered from growing competi-
tion from abroad. Prices were higher than they otherwise would have been 
if U.S. supplies had increased due to imports of lower priced beef from 
competing countries. These higher prices sustained profit margins, encouraging 
the structural changes which began in the mid-1950s as a result of favorable 
grain policies. 
The livestock sector of the U.S. agricultural economy is influenced · 
greatly by government grain policies. The extent of influence and impact 
of policy actions has increased over the years because of structural change 
toward a high level of specialization. However, in the past government 
policymakers concerned themselves mostly with certain commodities in the 
crop sector, putting little direct emphasis on the impact of grain 
policies upon the livestock sector. Robinson [25, p. 770] summarizes the 
past treatment of the livestock sector as follows: 
Policies adopted with respect to grains obviously do influence 
the prices of livestock products •••• These secondary effects will be 
considered, but the important point to keep in mind is that most 
policy discussions, now as in the past, focus on grains and tend to 
ignore the rest of agriculture. I plead guilty to following this 
well established tradition. 
Government grain policies of the early 1970s which returned U.S. agri-
culture to a free market situation are an example of the ignored condition 
of the livestock sector in policy formulation. Breimyer and Rhodes [3, 
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p. 945] suggest that in recent years livestock has received less considera-
tion than in the past; 
In recent years, the livestock and poultry economy has scqrcely 
been considered in the making of price and income policy for feed 
grains. It has been disregarded by pragmatic policy makers. It has 
been almost equally bypassed by theoretical economists, who usually 
kibitz freely •.. historically, livestock and poultry got more attention 
when they were still closely connected with feed production on 
the farm. In the early years of farm programs, the 'ever-normal 
granery' was consciously designed to level out the supply and price 
of feed for livestock and poultry. Now that livestock and poultry 
have become more commercial and more vulnerable to a volatile feed 
situation, feed price stabilization has been progressively removed 
from the councils of farm policy. 
The events of the early 1970s reintroduced an element of uncertainty 
not known for many years. Government policies of the early 1970s were designed 
to benefit crop farmers and consumers, but the increased vulnerability of the 
livestock sector to fluctuating grain prices was given little attention. It 
was the administration's policy to dispose of government-owned stock of grain 
and return U.S. agriculture to a free market system with little or no govern-
ment intervention. Concurrently, many long range forces caused export demand 
for U.S. products to increase, producing a gradual decline in government-
owned stocks of grain. Rather than maintain a reasonable level of reserves, 
the government encouraged reserve depletion. The free market goal was finally 
achieved as reserves were depleted in 1972-74 by a combination of events 
including the Russian grain purchases, poor weather in other countries, and 
devaluation of the U.S. dollar, etc. [17, p. 14]. During this period, U.S. 
exports increased dramatically as the United States became the primary 
supplier of grains to the rest of the world. As a result, the livestock 
sector lost its position as the most important demander of U.S. grains. Even 
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though domestic feeding was still the largest user of feed grains, exports 
became much more important in determining prices and the livestock 
sector became more of a price taker. This idea was expressed by Gustafson 
[10, pp. 119-120] as follows: 
The U.S. livestock industry is now a price taker and prices for 
the domestic grain supply are set at the margin. Marginal sales 
in recent years have been exports which bid up the price of grain 
for all uses. The livestock industry has thus seen fluctuating grain 
supplies and prices which preclude normal planning, production, and 
operating decisions .•• and pose difficulties for long-run capital 
investment planning. 
Productive efficiency can be impaired as livestock producers react to 
higher levels of risk and uncertainty generated by unstable prices. Opti-
mal levels of investment may not be achieved when farmers require high profit 
margins to insure themselves against risk and uncertainty. 
The major events and government policies of the early 1970s which brought 
about volatile feed prices and livestock margins were: (1) The corn blight 
of 1970 which caused feed grain prices to rise. (2) The record corn crop 
of 1971 caused by reduced set-aside requirements and good weather. (3) 
Expanded exports in 1972 because of sales to the Soviet Union causing grain 
prices to increase drastically and reserves to become low. (4) Price ceilings 
imposed by the Nixon Administration in 1973 as meat prices increased causing 
farmers to over finish their cattle in anticipation of higher prices when 
the price freeze was lifted. Rather than increase, cattle prices fell 
when the ceiling was lifted as farmers dumped their over-finished cattle on 
the market. Farmers entered a cost-price squeeze as feed prices continued 
to rise. (5) The consumer boycott of beef which began in April 1973, causing 
cattle feeders to respond by reducing marketings. Beef cattle prices continued 
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along their upward trend !10, pp. 123-127]. (6) The suspension of the 
beef import quota by President Nixon on January 29, 1973 to increase supply 
in reponse to higher retail prices Il3, p. 160]. (7) A worsening of the 
U.S. balance of payments accompanied by a devaluation of the dollar which 
caused agricultural exports to increase. 
As these events occurred and as varying government policies were considered 
and implemented, little consideration was given to the livestock sector. 
The free market policies of the early 1970s ignored, to a great extent, the 
livestock sector. Target prices were set high to maintain crop farmers' 
incomes while loan rates were set fairly low to assure that stocks would 
not build. Evidently, little thought was given to the effects of subjecting 
the U.S. livestock sector to the unbuffered impacts of foreign agricultural 
policies and weather as domestic stocks were drawn down. 
Because of specialization,the livestock sector is now less of a buffer, 
cushioning the effects of grain surpluses and shortfalls, as compared to 
earlier times when farm diversification was widespread. Low loan rates provide 
reasonable feed prices to livestock producers in times of surplus, but they 
do not provide grain reserves to lessen the blow of grain shortfalls. Thus, 
stable prices under such programs are not achieved even though the incomes 
of crop farmers are supported. The highly volatile prices and supplies 
of livestock products in the 1970s, with their accompanying impacts on farm 
income and food prices, is a rationale for considering the livestock sector 
equally with grain as future agricultural policies are formulated. 
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The Parity Concept 
The concept of parity prices for agricultural commodities has pervaded 
U.S. agricultural policy since the early 1930s, but, in recent years 
the parity concept has been losing ground. The Food and Agricultural Act 
of 1977 bases support prices more upon costs of production than upon parity, 
although parity is still used to determine the support price for milk. The 
idea of parity was gradually being phased out of farm policy consideration 
until 1977 when the American Agriculture Movement revived the concept by 
threatening an agricultural strike if farmers did not receive 100 percent 
of parity for their commodities. Parity has become a familiar word again. 
It has great appeal because it connotes equity or equivalence. These are 
difficult concepts to oppose. For this reason parity continues to find 
its way into our agricultural legislation. 
A parity price is defined as one which gives a unit of a particular 
commodity the same purchasing power, in terms of the commodities farmers 
purchase, as it had in 1910-1914. 1 The parity price does not measure costs 
of production, standards of living, or the economic welfare of farmers. 
It is only a comparison between prices received and prices paid. Changes 
in quantities, mixes, and qualities of products and inputs are not accounted 
for. The main objective of farm policy has been to maintain farm income 
by supporting prices at some level relative to parity. A farmer's net income 
is obtained by subtracting the input price times the quantity of input from 
the commodity price times the quantity of the commodity. The impressive 
1For information on the calculation of parity prices and other relevant 
series see [35]. 
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gains in productivity since the base period are not accounted for in the 
parity formula because quantities are not included. The parity formula 
and the parity index have been changed from time to time in an attempt to 
capture changes in productivity, changes in supply and demand relationships, 
and changes in the quality and mix of both inputs and commodities. However, 
the basic problem still remains that the basis for judging equality in price 
is the 1910-14 period. The current agricultural situation is vastly different 
from 1910-14 in terms of farm size, mix of inputs, productivity, and farmers' 
earnings from off-farm sources. Because of the differences between 
agriculture today and 1910-14, parity prices do not really mean equality 
or equivalence between farmers and non-farmers in terms of income [14, p.4]. 
In the early years of farm policy, agricultural productivity was 
fairy stable as is portrayed in Table 1. Between 1910-14 and 1935-39, 
productivity increased by only 14 percent. During this period of fairly 
stable productivity, farm incomes could be supported at parity levels in 
relation to 1910-14 by supporting commodity prices at parity levels. That 
is, the net incomes of farmers would have roughly the same purchasing power 
as in the base period if prices received retained their purchasing power. 
Between 1950-54 and 1973-77, agricultural productivity increased by 55 per-
cent. As a result, commodity prices lower than parity levels would provide 
farmers with an income with purchasing power comparable to 1910-14. 
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Table 1. Output, input, and productivity indexes for 1967 100 for selected 
five-year averages from 1910-1977 a 
Percentage Percentage 
Index 1910-14 1935-39 change 1950-54 1973-77 change 
Output 44 54 23 78 114 46 
Input 89 95 7 106 101 -5 
Productivity 50 57 14 73 113 55 
aSource: Changes in Farm Production and Efficiency, 1977 [68]. 
Tweeten describes the relationship between parity prices and costs of 
production as follows [12, p. 9]: 
Adequate-size, well-managed farms now on the average require 
approximately 75 percent of 1910-14 price parity to cover all 
costs of production including land at its current value and a 
rather generous return to the operator and family for labor, risk, 
management, and equity. 
The 1910-14 = 100 index of prices received by farmers divided by the 
1910-14 = 100 index of prices paid by farmers is called the parity ratio. 
When this ratio is equal to 1.0 it means that agricultural commodities in 
the current year have the same purchasing power as in the 1910-14 base period 
as long as variables such as technology, inputs, and products are the 
same as in the base period. Since World War II, the parity ratio has 
been declining, suggesting that the price of a unit of agricultural commodity 
is declining relative to what it can purchase. On the other hand, per farm 
income has been increasing as a result of increased productivity and the 
net equity position of farm families has risen sharply. Also, over the 
years, per capita farm income has increase relative to per capita non-farm 
income but was still only about 81 percent of non-farm income in 1977 
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[72, p. 17]. These factors indicate that the parity ratio might not be 
giving the proper signals with respect to the well-being of U.S. agriculture. 
This is perhaps because of the important advances in technology made since 
World War II and the different kinds and mixes of both products and inputs 
relative to the base period. 
Initially, the American Agriculture Movement in the fall of 1977 
promoted the idea of 100 percent of parity prices for all agricultural 
commodities. The movement arose mostly because of the discontent caused 
by plummeting prices for grains and small crops following a period of 
relatively high prices and returns in 1973-74. In 1974 most government 
programs were removed and farmers were encouraged to produce all they could. 
It was a period of euphoria which many thought would not end. Farmers 
invested heavily in land, equipment, and buildings under the assumption that 
prices would continue high. However, with the increased production, prices 
began to fall and the American Agriculture Movement came into being [26, pp. 1-2]. 
Congress rejected the demands for full parity prices. The Food and 
Agricultural Act of 1977 which based support prices on costs of production 
was retained with little revision. The farm strike had little effect on 
prices, but, increasing export demand began to increase prices again. The 
movement lost some support in the summer of 1978 and its demands were 
revised downward. In early 1979, a "tractorcade" organized by the American 
Agriculture Movement descended upon Washington, D.C. to lend support to 
legislation which would support prices for milk, wheat, corn, soybeans, and 
cotton at 90 percent of parity. Because of generally higher crop prices and the 
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inflationary impact of supporting agricultural prices at such high levels, 
these efforts also failed to gain sufficient support in Congress and 
were rejected. One of the major objectives of this study is to analyze 
the impact upon the livestock sector if crop prices are supported at 
parity levels. 
Beef Prices and Import Quotas 
In recent years consumers have gained increased power in formulating 
U.S. agricultural policy. Consequently, a major problem facing U.S. policy 
makers today is high beef prices and their impact upon inflation. Should 
beef prices be allowed to continue to rise and, if not, how should the 
increase in prices be halted? Price increases in 1978 and 1979 can be 
attributed to reduced supply and increases in consumer disposable income 
[71, p. 1]. The reduced supply resulted because the industry was at the 
trough of the cattle cycle. The cattle herd had been in the liquidation 
phase of the cycle since 1975. Liquidation of the breeding herd takes 
place by culling cows from the cow herd at younger ages and by putting more 
heifers onto feed rather than into the cow herd. During the liquidation 
phase, beef prices drop or increase at slower rates as larger than normal 
supplies result from increased slaughter. However, as the herd size is 
reduced the meat production potential is also reduced and eventually there 
are fewer old cows to cull and fewer heifers to put on feed even though 
farmers still may be inclined to do so. As this happens beef prices begin 
to rise. After a sustained period of high and rising prices, farmers begin 
to believe that prices will continue to be high in the future. At this 
point (the trough of the cattle cycle) farmers begin to build-up their herds 
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by further reducing the culling rate and placing even fewer heifers on feed. 
This action further reduces the meat supply to consumers and prices continue 
to rise. The cattle industry was just beginning to rebuild the herd in the 
spring of 1979 after four years of declining numbers [71, p. 11]. 
As farmers begin to rebuild their herds, beef prices are high after 
several years of low prices during the early years of the liquidation phase 
of the cattle cycle. Cattle producers are finally at the point where pro-
fits are high enough to encourage herd rebuilding. They have growing con-
fidence that high prices will continue, but it is at this point in the cattle 
cycle that consumers begin to be heard as they complain about high beef 
prices. In recent years consumers have had increasing influence in determin-
ing agricultural policy. Because of this increased influence, the Nixon 
Administration suspended the beef import quota in 1973 and the Carter Admin-
istration threatened to increase the quota for 1979 in an attempt to increase 
beef supply and reduce prices. It is important to consider the impact of 
such policies on the livestock sector in times when cattle producers need 
the incentive to continue herd rebuilding. One of the purposes of this 
study is to analyze the impact upon the livestock meat sector of increasing 
the beef import quota in an attempt to halt rapid increases in the retail 
price of beef. 
THE LIVESTOCK MODEL 
To accomplish the objectives of this study, the livestock econometric 
model developed by Roberts and Heady [24] is used. This section includes 
a brief description of the livestock model along with some validation results. 
The beef submodel is used as an example to si~plify the model presentation. 
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The Model Structure 
The livestock model consists of five commodity submodels: beef, pork, 
lamb, chicken, and turkey. Figure 1 is a schematic diagram of the beef 
submodel. It provides an example of the linkages among the variables within 
each of the five commodity submodels. Linkages among the submodels are 
also indicated. Table 2 contains definitions of the variables used in 
Figure 1 and in the beef submodel equations presented later. Each submodel, 
except for chicken, is composed of seven equations; five of which are 
estimated by econometric methods and two are identities. Econometric 
equations are estimated to predict production, end-of-year inventories, 
retail prices, farm-retail margins, and cash receipts, while civilian con-
sumption and farm price2 are determined by identities. Chicken inventories 
are assumed to be exogeneous because of lack of correlation with any of the 
hypothesized independent variables. 
The model is block recursive in structure. The production, inventory, 
civilian consumption, and retail price equations for each submodel are 
recursive and are solved sequentially in their respective order by the 
computer model. The farm-retail margin equation and farm price identity 
form a simultaneous block which can be solved only after the retail price 
is determined by the preceding recursive equations. The cash receipts 
equation then follows as the remaining recursive equation. Linkages among 
the five submodels occur through the inventory and retail price equations. 
These equations reflect competition among the commodities for the consumer's 
dollar. 
2 Farm price is used to refer to gross farm value for beef, pork, and 
lamb and farm value for chicken and turkey. These are the prices received 
by farmers for a quantity of live animal or bird equivalent to one pound 
sold at the retail level. 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~
 
r
-
-
-
(F
P
(M
A
J)
t-
-i
}-
--
--
-
I 
-
-
-
-
-
-
.
.
.
.
 
I 
-
-
-
-
-
-
-
( 
FC
(M
A3
)t-2
 
} 
I 
.
.
.
.
.
 
_
_
_
_
_
 
.
.
, 
I 
=
.
-
-
-
{-
--
;F
-z
t-
-..
.
.
 ) 
I 
,
 
..
..
._
 
_
_
_
_
_
 ,.
, 
t 
I 
-
-
-
-
-
-
-
.
.
.
 
I 
1 I 
c 
PR
OD
t-1
 
}--
---
1.
 ~R~D
t 
I I I I I r 
L-
--
( 
TI
N
 
) 
I 
-
-
-
-
-
-
-
I 
-
-
-
-
-
-
"
"
'
 
I 
-
-
-
-
{
 
PFD
UM
 
L
-
-
, 
-
-
-
-
-
-
-
'
 
I 
r
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1 
c 
IN
Vt
-1 
}--
1 
I 
-
-
1 
~
 
-
I 
-
-
-
-
-
-
..
..
..
. 
L
--
-{ 
LN
T 
) 
'-
-
-
-
-
-
-
-
-
.
,
 
r
-
-
-
-
-
-
-
-
-
-
~
 
~--c'~
;-~:
::::
:::}
:--_
----
-~·f
7rcc
~oN~
stll
:: 
-
-
-
-
(-
-r
M
P
t-
-)
 
I· 
\._
 
t-
1 
,
 
-
~
 ,
 
-
-
-
-
-
-
I 
I 
I 
-
-
-
-
-
-
,
 
t 
I_
_
_
_
 
l-
--
{ 
EX
P t 
1 
--
--
--
--
~ 
I 
I t 
-
-
-
-
-
~
 
I 
-
-
I 
MI
LC
ON
St 
\.-
.J
 
1_
'1'
1 -
-
-
'-
=
--
-=
--
-=
--
--
!. _
_
 
-
-
-
-
-
-
-
,
 
I 
~-
--
( _
_
 
.:_
~ _
_
 ) 
I 
/-
--
--
..
..
 
I 
-
-
I 
T 
~-
~ 
I 
.
 
J 
I 
~
-
~
 
,
 
_
_
_
_
_
 
_
 
I 
-~
--
--
--
--
--
-,
 
~ .-
,-
-
-
-
-
-
-
..
..
 
'--
--\
._~
(MA
4).
!__
) 
t 
,
-
-
-
-
-
,
 
-
-
-
-
-
1
 
BY
PR
OD
t 
\_
J 
, 
_
_
_
_
_
_
_
 
_
,1
 
~
-
-
-
-
-
,
 
VA
LP
Ot
 
~
-
-
-
-
-
-
-
-
-
-
-
-
;
 
FC
Ct
 
\ 
' 
~
 
1 
,
 
_
_
_
 
:.
_
_
,/
 
KE
Y: 
c=
J 
M
ajo
r C
ur
re
nt
 
En
do
ge
no
us
 
C
J 
M
ino
r 
Cu
rre
nt
 
En
do
ge
no
us
 
( 
) 
La
gg
ed
 E
nd
og
en
ou
s 
,
-
-
-
-
,
 
Ex
og
en
ou
s 
' ...
.
.
 
_
_
_
_
 
) 
0 
Cu
rre
nt
 E
nd
og
en
ou
s 
fro
m 
Ot
he
r 
Su
bs
ec
to
rs
 
Cu
rre
nt
 E
nd
og
en
ou
s 
Li
nk
ag
es
 
La
gg
ed
 E
nd
og
en
ou
s 
o
r 
-
-
-
-
Ex
og
en
ou
s 
Li
nk
ag
es
 
FIG
UR
E 
1:
 
SC
HE
MA
TIC
 D
IAG
RA
M 
OF
 
TH
E 
BE
EF
 S
UB
MO
DE
L 
1-
' 
-
.
.
.
J 
T
ab
le
 2
. 
D
ef
in
it
io
ns
 o
f 
li
ve
st
oc
k 
m
o
de
l 
v
a
ri
ab
le
s 
an
d 
o
th
er
 s
ym
bo
ls
 a
n
d 
da
ta
 s
o
u
rc
e
s
 
Sy
m
bo
l 
PR
OD
 a 
IN
V 
CC
ON
S 
RP
b 
FR
M 
FP
 
CR
 
(M
A3
) 
PL
CT
-P
RO
D 
P-
C 
CO
NS
 
(M
A4
) 
D
ef
in
it
io
n 
P
ro
du
ct
io
n 
[5
4,
55
,5
7,
63
]c
 
E
nd
-o
f-
ye
ar
 i
nv
en
to
ry
 [
54
,5
5,
57
,6
3]
 
C
iv
il
ia
n 
c
o
n
su
m
pt
io
n 
[5
4,
55
,5
7,
63
] 
A
ve
ra
ge
 r
e
ta
il
 p
ri
ce
 i
n 
c
e
n
ts
 
pe
r 
po
un
d 
[6
5,
66
,6
7,
48
,5
8,
59
,6
0,
 
61
,6
2,
29
] 
F
ar
m
-r
et
ai
l 
m
a
rg
in
 i
n 
c
e
n
ts
 
pe
r 
po
un
d 
[6
5,
66
,6
7,
48
,5
8,
59
,6
0,
61
,6
2,
 
29
] 
Fa
rm
 p
ri
ce
 i
n 
c
e
n
ts
 
pe
r 
po
un
d 
[6
5,
 
66
,6
7,
48
,5
8,
59
,6
0,
61
,6
2,
29
] 
C
as
h 
r
e
c
e
ip
ts
 i
n 
m
il
li
on
s 
o
f 
do
ll
ar
s 
[6
5,
66
,6
7,
47
,3
2,
33
] 
A
 t
hr
ee
-y
ea
r 
m
o
v
in
g 
a
v
e
ra
ge
 o
f 
th
e 
a
c
c
o
m
pa
ny
in
g 
v
a
ri
ab
le
 
Th
e 
su
m
 
o
f 
th
e 
pr
od
uc
ti
on
 o
f 
po
rk
, 
la
m
b 
a
n
d 
m
u
tt
o
n
, 
c
hi
ck
en
 a
n
d 
tu
rk
ey
 [
54
,5
5,
57
,6
3]
 
Po
rk
 c
iv
il
ia
n
 c
o
n
su
m
pt
io
n 
[5
4,
55
,5
7]
 
A
 t
hr
ee
-y
ea
r 
w
e
ig
ht
ed
 m
o
v
in
g 
a
v
e
ra
ge
 
o
f 
th
e 
a
c
c
o
m
pa
ny
in
g 
v
a
ri
ab
le
 w
it
h 
w
e
ig
ht
s 
o
f 
1
/4
,1
/2
, 
a
n
d 
1/
4 
Sy
m
bo
l 
L'I
FP
 
VA
LP
O 
FC
 
RF
C 
T TI
N
 
LN
T 
PF
DU
M
 
IM
P 
EX
P 
M
IL
CO
NS
 
IN
C 
D
ef
in
it
io
n 
Th
e 
di
ff
er
en
ce
 b
et
w
ee
n 
c
u
rr
e
n
t 
a
n
d 
la
gg
ed
 F
P 
V
al
ue
 o
f 
pr
od
uc
ti
on
 i
n 
m
il
li
on
s 
o
f 
do
ll
ar
s 
e
s
ti
m
at
ed
 b
y 
PR
OD
 t
im
es
 F
PC
 
Fe
ed
 c
o
s
ts
 
pe
r 
10
0 
po
un
ds
 o
f 
fe
ed
 
[2
4]
 
An
 
in
de
x 
o
f 
ra
n
ge
 f
ee
d 
c
o
n
di
ti
on
s 
in
 1
7 
w
e
s
te
rn
 s
ta
te
s 
ra
"n
gi
ng
 f
ro
m
 
49
 o
r 
be
lo
w
 b
ei
ng
 v
e
ry
 b
ad
 t
o
 
10
0 
a
n
d 
o
v
e
r 
in
di
ca
ti
ng
 e
x
c
e
ll
en
t 
[3
7,
38
,3
9]
 
A
 t
im
e 
tr
en
d 
w
it
h 
19
53
;1
, 
19
54
;2
, 
19
55
;3
, 
.
.
.
 
' 
19
76
;2
4 
Th
e 
in
ve
rs
e 
o
f 
tim
e 
w
it
h 
19
53
;1
, 
19
54
;1
/2
, 
19
55
;1
/3
, 
.
•
.
 
' 
19
76
;1
/2
4 
Th
e 
n
a
tu
ra
l 
lo
g 
o
f 
T 
A
 p
ri
ce
 f
re
ez
e 
du
mm
y 
w
it
h 
19
73
;1
 a
n
d 
0 
o
th
er
w
is
e 
Im
po
rt
s 
[5
4,
55
,5
7,
63
] 
E
xp
or
ts
 
[5
4,
55
,5
7,
63
] 
M
il
it
ar
y 
c
o
n
su
m
pt
io
n 
[5
4,
55
,5
7,
63
] 
P
er
so
na
l 
di
sp
os
ab
le
 i
nc
om
e 
in
 
b
il
li
o
n
s 
o
f 
do
ll
ar
s 
[7
7]
 
Sy
m
bo
l 
w
 
BY
PR
OD
 
FC
C 
FP
C 
B t * R2
 
Dl
~ 
M
SE
 
p OL
S 
AL
S 
2S
LS
 
D
ef
in
it
io
n 
Th
e 
ho
ur
ly
 w
ag
e 
r
a
te
 o
f 
m
e
a
t 
m
a
n
u
fa
ct
ur
in
g 
e
m
pl
oy
ee
s 
[7
6]
 
Th
e 
by
pr
od
uc
t 
a
ll
ow
an
ce
 i
n 
c
e
n
ts
 p
er
 p
ou
nd
 
[6
5,
66
,6
7]
 
A
 f
ac
to
r 
to
 
c
o
n
v
e
rt
 
FP
 
to
 
FP
C 
[4
8]
 
Fa
rm
 p
ri
ce
 c
o
n
v
e
rt
ed
 f
ro
m
 a
 
r
e
ta
il
 c
u
t 
ba
si
s 
to
 a
 
c
a
rc
a
s
s
 
w
e
ig
ht
 b
as
is
 
A
 p
re
sc
ri
pt
 s
ig
ni
fy
in
g 
be
ef
 
Th
e 
c
u
rr
e
n
t 
ye
ar
 
H
u
lt
ip
li
ca
ti
on
 
C
oe
ff
ic
ie
nt
 o
f 
de
te
rm
in
at
io
n 
D
ur
bi
n-
W
at
so
n 
s
ta
ti
st
ic
 
M
ea
n 
s
qu
ar
e 
e
rr
o
r 
E
st
im
at
ed
 a
u
to
re
gr
es
si
ve
 
pa
ra
m
et
er
 
O
rd
in
ar
y 
le
as
t 
s
qu
ar
es
 
A
ut
or
eg
re
ss
iv
e 
le
as
t 
s
qu
ar
es
 
T
w
o-
st
ag
e 
le
as
t 
s
qu
ar
es
 
a 
A
ll
 q
u
an
ti
ti
es
 a
re
 
in
 m
il
li
on
s 
o
f 
po
un
ds
 o
f 
c
a
rc
a
s
s
 
w
e
ig
ht
 m
e
a
t 
e
x
c
e
pt
 c
hi
ck
en
 a
n
d 
tu
rk
ey
 w
hi
ch
 a
re
 
in
 r
e
a
dy
-t
o-
co
ok
 w
e
ig
ht
 m
e
a
t.
 
b 
A
ll
 p
ri
ce
s,
 
c
o
s
ts
, 
a
n
d 
in
co
m
es
 a
re
 
de
fl
at
ed
 b
y 
th
e 
Co
ns
um
er
 P
ri
ce
 I
nd
ex
 1
96
7 
th
ey
 a
re
 
de
fl
at
ed
 b
y 
th
e 
in
de
x 
o
f 
pr
ic
es
 p
ai
d 
by
 f
ar
m
er
s 
1
9
6
7
; 
10
0 
[3
1,
33
]. 
c 
N
um
be
rs
 i
n 
br
ac
ke
ts
 r
e
fe
r 
to
 d
at
a 
s
o
u
rc
e
s
 
fo
un
d 
in
 t
he
 b
ib
li
og
ra
ph
y.
 
10
0 
e
x
c
e
pt
 w
he
n 
u
se
d 
to
 d
et
er
m
in
e 
pr
od
uc
ti
on
 i
n 
w
hi
ch
 c
a
s
e
 
.
.
.
.
.
 
00
 
19 
The production equations contain feed cost variables which provide a 
link with the crop sector. The feed cost variables are formed by weighting 
the prices received by farmers for four feed grains (corn, oats, barley, and 
grain sorghum) and for soybeans so as to provide a proxy variable for the 
3 
cost of 100 pounds of feed. It is this connection with the crop sector 
which allows the livestock model to be used to analyze the impacts of 
government crop policies upon the livestock sector. 
Statistical Methods and Beef Submodel Equations 
For the most part, the structural equations of the model are estimated 
from annual time series data for the 1953-76 period. Farm price and farm-
retail margin time series cover shorter periods of 1953 through 1975 for 
lamb and 1956 through 1975 for turkey. All price and income data used to 
estimate the equations are in 1967 dollars. 
The production, end-of-year inventory, retail price, and cash receipts 
equations are estimated with ordinary least squares because of their recursive 
structure. The farm~etail margin equations are estimated with two-stage 
least squares because they are determined simultaneously with the respective 
commodity farm price identity. The two equation system is solved through 
reduced form equations which express farm-retail margin and farm price in 
terms of all of the predetermined variables contained in the two equations. 4 
An autoregressive least squares regression technique available from 
Martin's Computer Algorithm 121] was used to estimate each of the recursive 
3A more detailed explanation of the feed cost variables is found in 
Roberts and Heady 124]. 
4 Refer to Appendix A for an explanation of the statistical methods used 
in this report. 
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equations. The estimated autoregressive parameter was significant only in 
the cash receipts equations for beef, pork, lamb, and chicken. In these 
cases the autoregressive least square equations were used in place of those 
estimated by ordinary least squares. The significance of the coefficients 
is evaluated by t-statistics. A one-tailed test is used for all coefficients 
for which economic theory dictates a specific sign. A one-tailed test is 
acceptable because theoretically incorrect signs are not accepted regardless 
of the size of the t-statistics. A two-tailed test is used for those 
coefficients for which economic theory dictates no specific sign. Throughout 
this study the numbers in parentheses below the regressive coefficients are 
corresponding t-statistics. 
The following subsections present the statistically estimated structural 
equations of the beef submodel along with the two identities. The beef submodel 
is typical of the other submodels. Table 2 contains variable and symbol 
definitions and data sources for the beef submodel equations which follow. 
Sources for the data series of the other four livestock and poultry submodels 
are also included. 
Beef production 
B-PRODt 13317.0781 + 54.7070*B-FP(MA3)t-l/B-FC(MA3)t_2 - 172.834l*RFC (1.730) (5.268) t 
- 2633.0070*TIN- 1261.2196*PFDUM + .9755*B-PROD l' (1) 
(1.848) (2.543) (24.844) t-
OLS, R2 = .9909, MSE = 185850.3934, DW = 1.8202. 
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Beef production is estimated in a distributed lag form similar to that 
suggested by Nerlove fl8]. The estimated coefficient for lagged production 
when subtracted from one gives the estimated coefficient of adjustment which 
indicates the portion of the gap between last year's production and current 
long-run equilibrium production which is closed within one year. In this 
case,the estimated coefficient of adjustment is very low, suggesting that 
a long period of time is required to bring production to equilibrium. 
Incentives for beef farmers to produce are captured by including the 
ratio of lagged farm price to lagged feed costs. Because of the length of time 
required to raise a calf to maturity, a three-year moving average of farm 
price lagged one year and of the beef feed cost variable lagged two years 
is used. Past prices and costs determine the size of the current beef herd 
and hence they determine the level of meat production. 
Some of the effects of weather are captured through RFC . If range feed 
t 
conditions are poor, range feed becomes a more scarce commodity. Farmers 
react by slaughtering larger numbers of animals rather than feeding them at 
a higher cost. 
The inverse of time is not assumed to be a proxy for technology, rather 
it is included to capture the trend effects of many unquantifiable factors 
which affect beef production. PFDUM accounts for the retail price freeze 
placed on beef from March 29 through September 10 of 1973. The negative 
coefficient indicates that farmers reduced sales for slaughter during that 
year in anticipation of higher prices when the price freeze was lifted. 
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The coefficients are all significant at the 10 percent probability level 
or better and the independent variables explain approximately 99 percent 
of the variation in beef production. 
Beef inventory 
B-INV = -277.9915 + .0252*B-PROD + .0177*PLCT-PROD - 86.9550*LNT 
t (4.561) t (2.694) t (3.032) 
+ 126.2508*PFDUM- .2574*B-INV 
(4.067) (1.616) t-l, 
(2) 
OLS, R2 = .9266, MSE = 802.3171, DW = 1.8171. 
The positive coefficient for current beef production indicates that 
changes in current supply are not followed proportionately by changes in 
current demand. Hence, an increase in production causes end-of-year 
inventories to increase, holding other things constant. 
The sum of the production of substitute meats is included to reflect 
the competition which exists among the five commodities. An increase in 
PLCT-PRODt' other things held constant, causes the prices of competing meats 
to decline. Based upon economic theory, a change in relative prices should 
cause substitution among competing commodities in consumption. In this 
case a decline in the relative prices of other meats would cause their 
consumption to increase and bring about a decrease in beef consumption, 
which in turn causes beef inventories to increase. The positive coefficient 
for PLCT-PRODt is consistent with this expectation. 
Meat packers vary their inventories in anticipation of increased or 
decreased prices. The 1973 price freeze kept prices from increasing along 
the inflationary trend which prevailed at that time. Meat packers anticipated 
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large price increases when the price freeze was lifted. As a consequence, 
they accumulated larger than normal inventories, expecting to sell them at 
higher prices later. The positive coefficient for PFDUM reflects this logic. 
Meat packers try to hold an equilibrium level of inventories for trans-
actions and speculative purposes. They constantly try to reach and maintain 
that level of equilibrium. For this reason lagged inventory is included 
as an explanatory variable. The negative sign indicates that meat packers 
over adjust to equilibrium. If last year's inventory was low in relation to 
equilibrium, a negative sign indicates that this year's inventory will be 
high in relation to equilibrium. 
The coefficients are all significant at the 1 percent level except 
B-INVt-l which is nonsignificant at the 10 percent level. It is retained, 
however, because of increased accuracy of the simulation results due to a 
lower mean square error. 
Beef civilian consumption 
B-CCONSt = B-PRODt + B-INVt-l + B-IMPt - B-INVt - B-EXPt - B-MILCONSt (3) 
Equation 3 portrays the level of civilian consumption of beef as an 
identity. Civilian consumption is later used as an explanatory variable in 
the retail price equation which is discussed in the next subsection. Ending 
year inventory, exports and military consumption are subtracted from 
production, imports and beginning inventory to arrive at civilian consump-
tion. Imports, exports,and military consumption enter into the identity as 
exogenous variables while the other variables are current or lagged endogenous 
variables. 
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Beef retail price 
B-RP = 111.9256 - .0066*B-CCONS - .0003*P-CCONS + .1104*INC 
t (10.349) t (.615) t (4.076) t 
+ 2.4529*T + .1945*B-RP l' 
(3.990) (1.980) t-
(4) 
OLS, R2 = .9100, MSE = 3.0868, DW = 2.0125. 
The levels of civilian consumption for beef and pork are predetermined 
in the context of the retail price equation presented here. The quantity 
availa~le for consumption is given and the retail price adjusts to clear the 
market. The negative coefficient for B-CCONSt suggests, as expected, a 
negatively slope demand curve. The level of pork consumption also has a 
negative coefficient suggesting that ~rk is a substitute for beef. 
The inclusion of INCt takes into account the increased purchasing power 
of the U.S. population over the sample period. The time trend accounts for 
variability in beef price caused by changes in consumer preferences as well 
as other unquantifiable influences which cause retail prices to increase 
over time. The coefficient for B-RP 1 suggests that only partial adjust-t-
ment to equilibrium retail price occurs within one year. 
The coefficients for B-CCONSt' INCt' and T are significant at the 1 
percent level while the coefficients for B-RP 1 and P-CCONS are significant t- t 
at the 10 percent level and nonsignificant, respectively. The independent 
variables explain 91 percent of the variance in the retail price of beef. 
Beef farm-retail margin 
B-FRMt = -12.0518 - .1713*B-~FP + 16.4042*W(MA4) 
(6.270) t (6.213) t 
- .0004*B-PROD(MA4) + 1.1343*B-BYPROD , 
(2.671) t (5.122) t 
(5) 
2SLS, MSE = .7524, DW 1.6240. 
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Equation 5 is estimated with two-stage least squares because it is 
simultaneous with the farm price identity. The negative coefficient for 
the change in farm price suggests that changes in retail price lag behind 
changes in the price farmers receive. A nonsignificant coefficient would have 
indicated that the retail price adjusts within a year to reflect the total 
change in farm price. 
Labor costs make up about half the total costs of meat marketing firms, 
excluding raw materials cost {48, p. 12]. W(MA4)t accounts for changes in 
the farm-retail margin due to changes in labor costs. The three-year 
weighted moving average indicates that changes in labor costs are not passed 
on to consumers completely in the current period. 
The negative coefficient for the three-year weighted moving average 
of beef production suggests that cost economies exist in the performing of 
marketing services. With higher levels of production,firms operate closer 
to capacity and reduce cost per unit of output. The moving average suggests 
that these reduced per unit costs are not passed on completely within the 
current period. 
The by-product allowance has a positive coefficient close to 
one because of the farm price identity presented in the next subsection. 
Approximately 75 percent of the variance in the beef farm-retail margin 
is explained by the independent variables which are significant at the 1 per-
cent level except for B-PROD(MA4)t which is significant at the 5 percent 
level. 
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Beef fann price 
B-F~ F B-RP - B-FRM + B-BXPROD t t t . t (6) 
The farm price is equal to the retail price minus the farm-retail margin 
plus the by-product allowance by definition. 
Cash receipts from the sale of cattle and calves 
B-CR = -898.4590 + 1.4443*(B-PROD *B-FPC ), ~ = 
t (6.999) t t 
2 ALS, R = .8814, MSE = 869811.0704, DW = 1.6509. 
.4197, 
(2.002) 
(7) 
An estimate of the value of beef production is obtained by multiplying 
B-PRODt, which is in millions of pounds of carcass weight meat, by the farm 
price converted from retail cut equivalent to carcass weight equivalent. 
The estimated coefficient for the product of B-PROD and B-FPC is significant 
t t 
at the 1 percent level and the estimated autoregressive parameter is signifi-
cant at the 10 percent level. Approximately 88 percent of the variability 
in cash receipts is explained. 
Model Validation 
The accuracy with which the model tracks observed data is demonstrated 
by a historical run for the 1958 through 1975 period. Actual exogeneous 
and estimated lagged endogenous data are employed to estimate the 34 current 
endogenous variables of the model. The observed and predicted data, the 
percentage deviation of predicted from observed data, the mean absolute 
percentage prediction error, and a form of Theil's Inequality Coefficient 
are four groups of data used to validate the model. The mean absolute 
percentage prediction errors are presented in Table 3. Other validation results 
are found in Roberts and Heady {24]. 
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Table 3. Eighteen-year mean absolute percentage errors for thirty-four 
variables 
Beef Pork Lamb Chicken Turkey 
Production 2.2 3.9 4.4 1.7 5.1 
Inventory 8.0 17.1 14.9 18.2 
Consumption 2.1 3.9 3.9 1.8 3.2 
Retail Price 4.4 4.3 2.2 3.0 4.4 
Farm-Retail Margin 3.7 3.6 4.6 2.1 6.8 
Farm Price 6.3 8.9 4.2 4.9 8.9 
Cash Receipts 8.9 5.9 4.2 5.2 8.8 
Mean absolute prediction errors for production range from 1. 7 per-
cent for chicken to 5.1 percent for turkey. The mean absolute percen-
tage prediction errors for civilian consumption are lower than for production 
in all cases except for chicken and pork. The range is between 1.8 percent 
for chicken and 3.9 percent for pork. The retail price of lamb is predicted 
with the least error among the retail price variables. The average absolute 
prediction error is 2.2 percent while those for beef and turkey of 4.4 percent 
are the highest. The farm-retail margin for chicken is predicted with an error 
averaging 2.1 percent of observed farm-retail margin while turkey has the 
highest mean absolute deviation of 6.8 percent. The average absolute 
percentage prediction errors for both prices received by farmers and cash 
receipts range between 4.2 and 8.9. The inventory variables are predicted 
with the least amount of accuracy with average absolute deviations between 
8.0 percent for beef and 18.2 percent for turkey. 
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LINKAGE OF THE LIVESTOCK MODEL TO 
THE CRO~ MARKET MODEL 
The analysis of the policies addressed in this study is accomplished 
by linking the livestock model to an updated and revised version of the crop 
market sector of the National Agricultural Econometric Simulation Model 
created at the Center for Agricultural and Rural Development (CARD) [22,23]. 
With this linkage, feed grain and soybean prices are no larger exogenous to 
the livestock model. Feed grain and soybean prices are allowed to vary in 
response to changes in the livestock model, causing secondary changes in 
livestock production which would not be accounted for if grain prices were 
exogenous. The econometrically estimated equations, identities, and relevant 
accompanying statistics for the crop market model are presented in Appendix 
B. The sources of the data used to estimate the crop market model are also 
presented. Table B.l contains the definitions of the symbols used in Appendix 
B. 
The remainder of this section is devoted to describing the crop market 
model with its linkages among the various crop commodities and its linkage 
with the livestock model. 
The Crop Market Model 
The crop market model consists of four crop submodels: feed grains 
(the aggregate of corn, oats, barley, and grain sorghum), wheat, soybeans, 
and cotton. It is structured in a recursive framework. In general each 
crop submodel is composed of 11 equations estimating harvested acreage (AC), 
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production (PRO), supply (SUPPLY), price received by farn}ers (PR), commercial 
demand (CDEM), total noninventory demand (TDEM), total ending year inventory 
(TINV), government-owned ending year inventory (GINV), privately owned 
ending year inventory (CINV), cash receipts from sales (CRPTS), and gross 
income (GINC). The acreage, price, commercial demand, government inventory 
and cash receipts equations are estimated by econometric methods while pro-
duction, suppl~ total noninventory demand, total inventory, commercial 
inventory, and gross income are identities. 
Lagged crop prices are used to-estimate harvested acreage of a parti-
cular crop. Farmers do not know at planting time the price they will receive 
at harvest. It is therefore assumed that farmers use as a proxy for 
expected future price the price they received in the previous year. The 
lagged prices of substitute crops are included in ratio form with the lagged 
price of the commodity whose harvested acreage is being determined. Thus, 
it is assumed that farmers respond to relative prices as opposed to absolute 
price levels. The harvested acreage equations also include relevant government 
policy variables which pertain to the particular crop. 
Harvested acreage is then multiplied by yield per harvested acre to 
arrive at an estimate of production. Production, in turn, enters into the 
supply identity along with total beginning crop year inventory and imports 
to determine supply. 
In the context of the crop market mode~ the price received by farmers 
is supply determined. Only lagged prices determine supply while current 
prices have no effect on the quantity supplied. Once the supply becomes 
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available it is fixed, resulting in a perfectly inelastic supply curve. 
The price then adjusts to clear the market such that the sum of commercial 
demand, inventory demand, and export demand equals the quantity supplied. 
The current level of exports is included in the price equation to allow 
changes in weather and government policies in the rest of the world to have 
an impact upon prices received by U.S. farmers. The government program 
loan rate also is included as a price-determining variable. 
The next step in the recursive structure is to estimate commercial 
demand as a derived demand. Thus, the level of commercial demand is a 
function of the commodity's own price and the price of the commodity which 
uses the crop as an input. It is through this logic that a link is formed 
with the livestock model. A large portion of the commercial demand for feed 
grains, wheat, and soybeans is used as an input in the production of livestock 
commodities. To conserve degrees of freedom, avoid multicolinearity, 
and allow each of the livestock and poultry commodities to have an effect 
on grain demands, an average livestock farm price weighted by meat production 
is included in the commercial demand equations for feed grains, wheat, and 
soybeans. 
Total noninventory demand is formed by adding exogenously determined 
exports to commercial demand. Total demand is then subtracted from supply to 
estimate total ending crop year inventory. The identity places the 
restriction on the model that the quantity supplied equals the quantity 
demanded. Total inventory is then employed as an explanatory variable in 
the government inventory equation along with the crop loan rate. Commercial 
inventory is determined by an identity which subtracts government inventory 
from total inventory. 
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The last one or two equations of each submodel estimate gross income. 
Cash receipts from the sale of the commodity are first estimated as a 
function of the product of production and the price received by farmers (an 
estimate of value of production). The cash receipts portion of gross income 
is estimated in this fashion as opposed to estimating an equation for the 
quantity sold which would then by multiplied by price to arrive at cash 
receipts. A time trend is included to account for trends in the difference 
between production and sales due to decreased feeding of livestock from the 
farmers own grain production and other trend factors which cause 
production to deviate from sales. Gross income is then estimated by 
adding government payments to cash receipts. 
The next four subsections describe the linkages among the crop submodels 
as well as any major deviations from the general structure outlined above. 
Special features of the feed grain submodel 
The feed grain submodel is influenced directly by the wheat and soy-
bean submodels. The ratios of the lagged prices of these two commodities 
with the lagged feed grain price are included as explanatory variables in 
the feed grain harvested acreage equation. The coefficients are negative, 
as ~xpected, suggesting that farmers substitute wheat and sovbean 
acreage for feed grain acreage as the expected prices of wheat and soybeans 
increase relative to the expected feed grain price. 
An equation estimating the price received by farmers for corn as a 
function of the feed grain price is added to the feed grain submodel. This 
is done to convert the feed grain price per ton into a more familiar form 
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which can be readily interpreted. It also facilitates comparison with the 
corn loan rate which is used to determine the feed grain price and government 
inventory. 
The errors among the feed grain price and the feed grain commercial demand 
equations were found to be correlated. These equations were therefore 
estimated with three-stage least squares. All other econometric equations 
of this submodel were estimated with ordinary least squares except feed 
grain cash receipts. In this equation autocorrelation was found. As a 
result, the equation in its final form was estimated with autoregressive 
least squares. 
Special features of the wheat submodel 
Wheat harvested acreage is determined by the ratio. of lagged soybean 
price to lagged wheat price. The coefficients for other possible substitute 
crops either have theoretically incorrect signs or they are significant 
only at high probability levels and are therefore excluded from the equation. 
Another special feature of the wheat submodel is that the demand for 
wheat for human consumption is separated from the demand for other uses. 
The demand for other uses is called commercial demand while the demand for 
human consumption is called food demand. Food demand is determined by per 
capita disposable income as well as the sum of the current wheat price 
plus the value of domestic marketing certificates. Commercial demand is 
determined the same as the commercial demand for feed grains and soybeans. 
That is, it is estimated with the current wheat price and a weighted average 
livestock farm price as explanatory variables. 
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Wheat commercial demand, food deman~ and government inventory are 
estimated by three-stage least squares because of correlated disturbances 
among the equations. The wheat harvested acreage and cash receipts equations 
are estimated by autoregressive least square. The equation to determine the 
price of wheat is the only equation estimated by ordinary least squares. 
Special features of the soybean submodel 
The soybean harvested acreage equation contains ratios of la~ged 
feed grain, wheat, and cotton prices to soybean price with negative 
coefficients. The commercial demand equation contains feed grain commercial 
demand which provides an additional link with the feed grain submodel. The 
positive coefficient suggests a complementary relationship between feed 
grains and soybeans in feeding livestock. Also, gross income is equal to 
cash receipts because of no government payments to soybean farmers. 
All equations except harvested acreage are estimated by ordinary 
least squares. The acreage equation is estimated by autoregressive least 
squares. 
Special features of the cotton submodel 
The cotton submodel is unique in that it consists of two commodities; 
cotton lint and cottonseed. The cotton lint portion of the cotton submodel 
is estimated with a similar structure to the other crop submodels while 
the cottonseed portion is greatly reduced. 
Cotton acreage is estimated as a function of the ratio of lagged feed 
grain and wheat prices to the lagged cotton lint price. The lagged cotton-
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seed price enters the equation in absolute form and is deflated by the index 
of prices paid by farmers. 
The cotton submodel is the only crop submodel which is not linked 
directly to the livestock model through the weighted average livestock farm 
price. The commercial demand for cotton lint is estimated by multiplying 
per capita demand by population. Per capita demand is estimated with the current 
cotton lint and polyester prices and per capita disposable income as explanatory 
variables. Data used to estimate the per capita demand equation are log values 
of all variables. The per capita demand and price equations were found to have 
correlated residuals and are therefore estimated with three-stage least squares 
to obtain the best linear unbiased estimators. However, the ordinary least 
squares price equation is used in the model because of its better predicting 
and statistical results. All other cotton lint equations are estimated by 
ordinary least squares. 
Cottonseed production is estimated directly from cotton lint production. 
Supply is then estimated by an identity which sums production, beginning 
inventory, and imports. Beginning inventory of cottonseed is assumed to be 
exogenous. 
Cottonseed price is estimated with cottonseed supply, soybean price, 
and the cottonseed loan rate as explanatory variables. The sign for the 
coefficient of soybean price is positive, suggesting that the two commodities 
are substitutes. The sum of cotton lint and cottonseed cash receipts is 
estimated as a function of the sum of the estimated values of production of 
the two commodities. Government payments are added to arrive at gross income. 
Ordinary least squares is used to estimate the cottonseed equations. 
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Linkage Between the Crop Market and the Livestock Models 
Linkage of the crop market model with the livestock model is fairly 
simple. The crop market model influences the livestock model through the 
five meat production equations. Each of these equations contains a feed cost 
variable. The feed grain and soybean prices used to estimate meat production 
for each commodity are the same as those estimated by the feed grain and 
soybean submodels of the crop market model. These feed grain and soybean 
prices are converted to commodity specific feed cost variables by the 
formulas found in Appendix A of Roberts and Heady [24]. 
Even though cotton and wheat prices do not affect the livestock model 
directly, they do have an important indirect effect since feed grain 
harvested acreage contains the lagged wheat price and soybean harvested 
acreage contains lagged wheat and cotton lint prices. Therefore, these two 
submodels are important when analyzing the impacts of crop policies upon 
the livestock sector. 
Linkages from the livestock model to the crop market model are also 
important for studying the impacts of government policies upon the livestock 
sector. If the linkage is only from crop to livestoc~ the secondary effects 
are lost. Secondary effects occur as changes in livestock prices cause 
changes in crop demands and therefore cause feed grain and soybean prices 
to change more than they would have if the livestock model had no effect 
upon crop demands. Thus, a weighted average livestock farm price enters 
the commercial demand equations for feed grains, wheat, and soybeans. The 
cotton submodel is influenced indirectly by the livestock model through 
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the cottonseed price equation which has the soybean price as an explanatory 
variable and through the acreage equation. 
roLICY SIMULATIONS~ ASSUMPTIONS~ AND RESULTS 
This section deals with the application of the livestock model in 
combination with the CARD crop market model to the analysis of several 
government agricultural policies which influence the livestock sector. Two 
specific groups of policies are analyzed over the 1979-2000 period~ namely; 
a) the impacts on the livestock sector of supporting prices received by 
farmers for crop commodities at parity levels~ and b) the impacts on the 
livestock sector of increasing beef imports. 
Seven policy alternatives are analyzed by eight different simulations. 
The first simulation is a base run (Simulation 1). Simulation 1 is used 
as a common point of departure for analyzing the other seven policy simulations. 
The base run is assumed to be the most likely future outcome, given that 
none of the policy alternatives under study are enacted. The exogenous and 
policy variables of the model are set equal to what is considered to be 
their most likely levels for the analysis period. 
Simulations 2-4 are parity price policy simulations which cause crop 
prices received by farmers to be supported at parity levels. The impacts 
on the livestock sector of higher feed costs resulting from these policy 
actions are analyzed. Simulations 5-8 analyze the effects on the livestock 
sector of increasing beef imports, presumably through higher beef import 
quotas. 
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The assumptions and results of each of the eight simulations are pres-
ented in the next sections. The assumptions associated with Simulation 1 
are important and are therefore dealt with in great detail. The assumptions 
of each of the next simulations deviate from those of Simulation 1 in that 
one or more variables are altered to simulate different policy alternatives. 
Simulation 1 - The Base Run 
Simulation 1 provides a base for 1979-2000 with which policy 
Simulations 2-8 can be compared. It is made by setting the exogenous 
variables of both the livestock model and the crop market model equal to 
their most likely levels for the 1979-2000 period and by modifying 
some of the coefficients of the statistically estimated equations. 
Modification of estimated equations 
To provide a meaningful base run, several of the estimated equations 
are modified to account for changes which are assumed to occur in the 
future. These modifications represent assumed changes in consumer tastes 
and preferences, technological improvements, and other trend forces. 
Three time trends are modified in the livestock model. The trends in 
the beef production and pork farm-retail margin equations are assumed to be 
constant at 1978 and 1977 levels, respectively. The trend for lamb production 
is assumed to increase at one-half the rate as during the 1953-76 sample 
period. The lamb production time trend is estimated with a negative coefficient. 
Therefore, the reduced rate of growth in the time trend translates into a 
reduced rate of decline in lamb and mutton production. This step is taken to 
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prevent negative lamb and mutton production which otherwise would occur 
after only a few years. 
Another important modification of the livestock model is based upon 
an assumption that the income elasticities of demand for the five livestock 
and poultry commodities do not remain constant over the entire analysis 
period. It is assumed that after 1990, consumers demand progressively 
smaller increases in consumption of each of the five commodities for a 
dollar increase in personal disposable income. To capture this 
assumption, the rate of increase in personal disposable income is tapered 
off after 1990. The rate of growth in income is decreased differently for 
each commodity. In general, income elasticities are assumed to decline 
the fastest for those commodities with the highest levels of per capita 
consumption. The rate of growth in personal disposable income declines 
fastest for beef and is followed by pork, lamb, chicken, and turkey in 
descending order. The rate of growth in income for lamb is assumed to 
decline the same as for pork even though lamb per capita consumption is the 
lowest of all five commodities. 
In addition, it is assumed that cattle farmers respond differently 
to price incentives after 1990. Therefore, the coefficient for BFPEC 
in the beef production equation is reduced gradually from 54.7 in 1990 
to 27.4 in 2000. This assumption is made to account for possible 
resource limitations (e.g. pasture) which might develop as cattle numbers 
increase in response to higher beef price to feed cost ratios. 
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Other modifications of the retail price equations are made to provide 
more realistic projections. The coefficients for personal disposable income 
are reduced from .1732 to .16 for pork and from .1018 to .095 for turkey. 
The farm-retail margin for turkey increases too rapidly because of 
the large coefficient for the three-year moving weighted average of the wage 
rate of meat manufacturing employees. The result is a farm price which 
appears too low. Therefore, the coefficient is reduced from 27.9653 to 25.55. 
The equations of the crop market model also require some modification. 
The time trends for the feed grain acreage, cotton acreage, and cottonseed 
price equations are assumed to be constant at their 1976 levels. The time 
trend in the feed grain commercial demand equation is modified to increase 
by only .5 per year after 1977. Per capita disposable income in the cotton 
lint commercial demand equation after 1978 grows at 2/3 of its previous growth 
rate. This effectively incorporates an assumption that the income elasticity 
of cotton commercial demand is lower in the analysis period as compared with 
the sample period. Soybean exports are assumed to have less of an effect 
upon the soybean price for 1979-2000 than during the sample period. This 
assumption is incorporated by lowering the coefficient for soybean exports 
in the price equation to .0058 from .0066. 
These changes appeared logical for the analysis. Other variations also 
could be used. Individuals wishing to test other alternatives might request 
to do so through CARD. 
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The projected levels of exogenous variables 
Another important step in the application of the model to policy analysis 
is to determine and project the levels of the variables which are exogenous 
to the model. This section deals with the assumptions relating to the 
exogenous variables of the model and the levels at which they are set. 
Exports and imports Exports and imports for both livestock and 
crop commodities are projected using trend variables or they are assumed 
constant. Ordinary least squares or autoregressiveleast squares are used 
to estimate the trend coefficients. 
The following equations are used to project livestock imports and 
exports,and poultry net exports. 
B-IMP 
t 
ALS, 
B-EXP t 
OLS, 
P-IMP t 
ALS, 
P-EXP t 
OLS, 
123.8902 + 76.5643T, 
(5. 837) 
R2 = 
.8670, MSE = 
28.6993 + 4.2174T, 
(9.241) 
R2 
.7952, MSE 
13.7807 + 15.2069T, 
(2.136) 
R2 = • 9527, MSE 
35.0471 + 7.7096T, 
(5. 521) 
R2 
.5808, MSE 
49142.4550, DW 
239.5221, DW 
.874.6217, DW 
2242.4922, DW 
.4671, 
(2.348) 
1. 5608. 
1.449. 
"' .8554, p 
(5. 929) 
1.1795 . 
1.0958. 
(8) 
(9) 
(10) 
(11) 
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L-IMP ~ 35.25 which is the 1973-76 average. 
t 
L-EX:P 
t 
-.1023 + .3531T, 
(5.413) 
p = .4885, 
(2.622) 
ALS, R2 = .8494, MSE = 1.0972, DW = 1.9666. 
C-NEXP ;:::; -118.9969 + 229.3105 LNT, p = .7068, t (1. 529) (5.358) 
ALS, R2 = • 7510, MSE = 2231.9151, DW 1. 0800 . 
T-NEXP -25.7649 + 34.8693 LNT, p . 5071, t (3. 900) (3.180) 
ALS, R2 ;:::: • 8494, MSE = 71.8139' DW 1. 8087. 
(12) 
(13) 
(14) 
(15) 
The definitions and data sources of most of the above variables and 
symbols are found in Table 2. The exceptions are NEXP which is net exports 
in millions of pounds and the prescripts which represent beef (B), pork (P), 
lamb (L), chicken (C), and turkey (T). These equations are estimated from annual 
time series for 1953-76. 
Table 4 shows the projected levels of livestock commodity imports, for 
1980, 1990,and 2000. Averages of actual observations for 1972-76 are also 
presented for comparison. Beef imports are projected to increase from 2,372 .. 2 
million pounds in 1980 to3,907.6million pounds in 2000. Pork imports are 
expected to reach 824.3 million pounds by 2000 as compared with 468.0 million 
pounds in 1972-76. Lamb and mutton imports are assumed constant at 1973-76 
average levels. 
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Table 4. Projected levels of imports for beef, pork, and lamb and mutton 
for 1980, 1990, and 2000, with actual 1972-76 average imports for 
comparison 
Commodity 
Beef (mil. lbs) 
Pork (~il. lbs.) 
Lamb and Mutton (Mil. lbs.) 
aRefer to Table 2 for data sources. 
b A four-year average for 1973-76. 
1972-76a 
1, 861.1 
468.0 
35.3b 
1980 1990. 2000 
2,372.2 3,131.9 3,907.6 
499.5 668.6 824.3 
35.3 35.3 35.3 
Table 5 indicates the projected levels of livestock and poultry exports 
and net exports. Beef exports are projected to be 231.1 million pounds in 
2000 which is 102.9 million pounds higher than the 1972-76 average. Pork 
exports are projected to drop below the 1972-76 average in 1980 but to increase 
rapidly thereafter to reach 405.1 million pounds in 2000. Lamb and mutton 
exports increase from 9.7 million pounds in 1980 to 16.7 million pounds in 
2000. Chicken net exports are projected to increase to 481.9 million pounds 
in 2000 while turkey net exports increase to 82.7 million pounds. 
Table 5. Projected levels of exports for beef, pork, lamb and mutton and 
net exports for chicken and turkey for 1980, 1990, and 2000, with 
actual 1972-76 average exports for comparison. 
Commodity 1972-76a 1980 1990 2000 
Beef (Mil. lbs.) 128.2 146.8 189.0 231.1 
Pork (Mil. lbs.) 282.6 250.9 328.0 405.1 
Lamb and Mutton (Mil. lbs.) 7.4 9.7 13.2 16.7 
Chicken (Mil. lbs.) 273.6 390.3 429.3 481.9 
Turkey (Mil. lbs.) 52.6 64.7 74.6 82.7 
aRefer to Table 2 for data sources. 
43 
Crop imports are assumed to be constant over the 1979-2000 period. 
Imports of .4 million tons, 2.0 million bushels, and .05 million bales 
are assumed for feed grains, wheat, and cotton lint, respectively. Soybean 
and cottonseed imports are assumed to be zero. The above assumptions are based 
upon 1972-76 averages for feed grain and cotton lint imports and 1967-76 
average wheat imports. 
Crop exports are projected by time trends and a dummy variable. The 
dummy variable takes into account apparent structural shifts in the levels 
of exports. Exports of feed grains, wheat,and soybeans took a dramatic 
jump in 1972 and seem to have maintained these high levels. The following 
equations are used to project crop exports. 
FG-EXPTS = 1. 3371 + 17.7565 DUMI + 1. 0864 T, (16) t (7.357) (9.494) 
OLS, R2 .9443, MSE = 13.3819, DW = 1. 4480. 
W-EXPTSt 189.8632 + 367.8431 DUMI + 14.954G T, p . 4813' (17) 
(2.926) (1. 822) (2.231) 
ALS, R2 = .8256, MSE = 14912.7607, DW 2.0693. 
SB-EXPTSt -96.3859 + 65.8911 WRDUM2 + 57.4394 DUMI + 21.1779 T, (18) 
(2.377) (2.133) (13.437) 
2 OLS, R = .9605, MSE = 1453.1959, DW = 1. 6684. 
CT-EXPTSt = 4.5 which is the 1949-76 variable average for cotton 
exports. 
(19) 
The export (EXP ) and trend (T) variables are as defined in Appendix B. 
t 
DUMI is a dummy variable with 1972-76 equal one and 1949-71 equal zero. 
WRDUM2 is a dummy variable accounting for the Korean War period with 1949-52 
equal one and zero otherwise. 
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For the purpose of projection from 1979-2000, DUMI is set equal to 
one under the assumption that crop exports will remain at higher levels 
through 2000. WRDUM2 is set equal to zero and the time trend is increased 
by one unit per year up to 52 in 2000. 
Cotton lint exports are assumed constant because of lack of correlation 
with trend variables or dummy variables. 
Table 6 displays projected levels of crop exports with 1972-76 
averages of actual observations for comparison. Of the four crops, soybean 
exports are projected to increase the most. They reach 1,062.3 in 2000 
which is 108 percent higher than the 1972-76 average. The projected level 
of feed grain exports for 2000 is 60 percent higher than 1972-76. Wheat 
exports are estimated to increase by 37 percent over the same period. Cotton 
exports are constant at 4.5. 
Table 6. Projected levels of exports of feed grains, wheat, soybeans, 
and cotton lint for 1980, 1990, and 2000, with actual 1972-76 
average exports for comparison. 
Connnodity 1972-76a 1980 1990 2000 
Feed grains (Mil. tons) 47.3 53.9 64.7 75.6 
Wheat (Mil. bu.) 1,099.4 1, 201.6 1,362.0 1, 511.5 
Soybeans (Mil. bu.) 511.7 638.7 850.5 1,062.3 
Cotton lint (Mil. bales) 4.5 4.5 4.5 4.5 
aRefer to Appendix B for data sources. 
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Crop yields Crop yields are projected exogenously as linear functions 
of time using 1949-1976 as a sample period. Ordinary and autoregressive 
least squares are used to estimate the equations which follow. 
FG-Y = . 6690 + .0498 T, t (17.575) 
(20) 
OLS, R2 = . 9224, MSE . 0147, DW 1.4314 • 
W-Y = 15.6801 + .6255 T, t (12.981) 
(21) 
2 
.8647, 4.3016, 1. 3877. OLS, R MSE DW 
SB-Yt = 20.0293 + .2746 T, (22) 
2 (7.693) 
2. 3271, 1. 5888. OLS, R = .6948, MSE DW 
CT-Y .2230 + .1989 LNT, p = . 4311, (23) t (4.457) (2.454) 
ALS, R2 = • 7768, MSE . 0060, DW 1. 7475 • 
Feed grain and wheat yields deviate from the above trends after 1990. 
An assumption is made that after 1990 the technological advances which have 
caused yields to increase in the past will slow down. To account for this, 
the time trend variable increases at one-half unit per year instead of one 
unit per year after 1990. 
As is seen in Table 7, feed grain and wheat yields are projected to 
increase substantially even with the assumption of a 50 percent reduction 
in the level of increase after 1990. Feed grain yields increase by 33 percent 
from 1980 to 2000 and wheat yields increase by 26 percent over the same period. 
Soybean and cotton yields increase by 19 percent and 9 percent, respectively. 
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Table 7. Projected yields per harvested acre for feed grains, wheat, soy-
beans, and cotton lint for 1980, 1990, and 2000, with actual 1972-
76 average yields for comparison 
Commodity 1972-76a 1980 1990 2000 
Feed grains (tons) 1. 94 2.26 2.76 3.01 
Wheat (bushels) 30.54 35.70 41.95 45.08 
Soybeans (bushels) 26.61 28.82 31.56 34.31 
Cotton lint (bales) .99 1.08 1.14 1.18 
aRefer to Appendix B for data sources. 
Livestock military consumption Military consumption of livestock 
commodities is the last group of exogenous variables which are projected 
by estimated econometric equations. The equations presented below are 
used to project livestock and poultry military consumption. 
B-MILCONS = -33.7430 + .2037 MILPOP , 
t (2.723) t 
2 ALS, R = .8754, MSE = 2467.5413, DW = 1.4620. 
P-MIILONS = -6.3338 + .0798 MILPOP , 
t (3. 703) t 
ALS, R2 = .9128, MSE = 337.1776, DW = 2.2077. 
~ = .7647, 
(3.610) 
~ = .9006, 
(6.139) 
(24) 
(25) 
L-MILCONSt = 1.0 which is the value of the variable for 1974, (26) 
1975, and 1976. 
C-MILCONSt = -1.4465 + .0300 MILPOP , 
(2.897) t 
ALS, R2 = .8672, MSE = 64.1501, DW = 2.1077. 
T-MILCONSt -52.2126 + 7.4795 LNT + .0257 MILPOP , 
(4.234) (7.829) t 
.7471, MSE = 39.7913, DW = 1.4905· 
~ = .8540, 
(4.818) 
(27) 
(28) 
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These equations are estimated with 1953-76 annual data. MILPOP is 
military population in thousands and it is assumed to be constant at 
2,123 which is the post-Vietnam War average (1974-76 average). 
Table 8 shows that military consumption of all livestock and poultry 
commodities increases except for lamb and mutton. These increases are due 
to the high levels of the estimated autoregressive parameters (Bs) even 
though military population is held constant. Turkey military consumption 
increases because it has a positive log time trend. 
Table 8. Projected levels of military consumption for beef, pork, lamb and 
mutton, chicken, and turkey for 1980, 1990, and 2000, with actual 
1974-76 averages for comparison 
Commodity 1974-76a 1980 1990 2000 
Beef (mil. lbs.) 239.7 274.4 288.1 289.0 
Pork (Mil. lbs.) 94.0 88.8 99.7 103.6 
Lamb and mutton (Mil. lbs.) 1.0 1.0 1.0 1.0 
Chicken (Mil. lbs.) 35.3 42.7 51.4 53.2 
Turkey (Mil. lbs.) 17.0 27.3 29.6 31.3 
~efer to Table 2 for data sources. 
Government policy variables Government policy variables are set at 
anticipated levels. These variables are difficult to project because their 
levels are determined by the government which often modifies, adds to, or 
eliminates national agricultural policy legislation without much forewarning. 
For this study, only government policies which have influenced the agricultural 
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sector in the past are used. These policy variables are set at levels which 
are anticipated for the 1979-2000 period. 
Acreage diverted or set-aside under the feed grain and wheat programs 
are estimated to be 5.0 and 8.4 million acres in 1978, respectively [70,75]. 
It is assumed that the feed grain and wheat programs will have increased 
participation in the future and that cotton diverted acreage will continue 
to be low. Therefore, feed grain, whea4 and cotton diverted acreages are 
set at 10.0, 10.0, and 0.0 for the analysis period. 
Crop loan rates are assumed to remain constant in real terms at levels 
which have prevailed over the most recent past. Loan rates are set at 
$1.93 per bushel for corn, $2.28 per bushel for wheat, $4.18 per bushel 
for soybeans, and 44.56¢ per pound for cotton lint. The above loan rates 
are expressed in 1977 dollars and represent a 1977-78 average for corn, 
a 1976-78 average for wheat, and the 1978 value for soybeans and cotton 
lint. The cottonseed loan rate is assumed to be zero as it has been since 
1971. 
Most other government program variables except feed grain, wheat, and 
cotton government payments are set equal to zero over the analysis period. 
Government payments are assumed to be 600, 500, and 200 million dollars 
for feed grains, wheat and cotton, respectively. Also, the free market 
dummy variables (FMDUMl and FMDUM2) are included at a level of .5 instead 
of one in most cases. The exceptions occur in the feed grain commercial 
demand, wheat government inventory, and soybean harvested acreage equations 
where these variables are set at .85, .75,and .75 for the respective equation. 
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The free market dummy variables are included at values less than one because 
it is felt that the forces which caused shifts in some of the crop market 
variables during the mid 1970s will be dissipatedsomewhat. However, they 
are not reduced to zero because some of the shifts which occurred are 
expected to persist into the future. 
The wheat low loan rate dummy (LLRDUM) is continued at a level of one 
to the year 2000 allowing the quantity of wheat supplied to have an added 
effect upon the price of wheat. 
Other exogenous variables Other important exogenous variables 
are either assumed to be constant or to increase at assumed rates. Those 
remaining variables which are assumed to be constant are RFC (range feed 
conditions in 17 western states) which takes on a value of 76.64 (1953-76 
variable mean), and the byproduct allowances for beef, por~and lamb which 
are set at their 1953-76 variable means in 1977 dollars of 9.20, 6.61, 
and 13.41 cents per pound, respectively. The polyester price is assumed 
to be constant at its 1972-76 average of 53.63 cents per pound in 1977 
dollars. 
Table 9 gives projected levels of certain other important exogenous 
variables. The Consumer Price Index 1967 = 100 (CPI) is assumed to grow 
at President Carter's guideline rate of 5.75 percent per year and the index 
of prices paid by farmers 1967 = 100 (IPPBF) is assumed to increase-at 
a rate of 6 percent because it traditionally has increased faster than 
CPl. These price indexes are used as deflation factors in the model to convert 
all price and income data into constant 1967 dollar values. However, in pre-
senting price and income results, the data are converted to 1977 dollars to 
facilitate comparison with more recent price and income levels. 
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Table 9. Assumed levels of other important exogenous variables for 1980, 
1990, and 2000, with 1976 actual values for comparison 
Variable 1976a 
CPI (1967 = 100) 170.5 
IPPBF (1967 = 100) 201.0 
INC (Bil. $) b 693.1 
PINC ($)b 3,222.0 
POP (Mil.) 213.87 
W(MA4)b 2.95 
aRefer to Appendix B and Table 2 for data sources. 
bThese variables are deflated by CPI (1967 = 100). 
1980 1990 2000 
218.6 382.5 668.8 
259.6 464.8 832.4 
791.7 1,124.2 1,596.3 
3,573.8 4,714.4 6,311.2 
221.96 244.47 262.26 
3.05 4.40 3.58 
Growth rates for personal disposable income in 1967 dollars (INC), 
personal disposable income per capita in 1967 dollars (PINC), and civilian 
population (POP) are taken from the OBERS projections [78]. Disposable 
income and disposable income per capita are assumed to grow at the same 
rate as personal income and personal income per capita. Military population 
is subtracted from the OBERS population projections to arrive at civilian 
population which is used in this study. The annual time series for INC, 
PINC, and POP are derived from the OBERS projections by calculating annual 
growth rates. Growth rates for population between 1980 and 1985 were cal-
culated by the following formula: 
Ln POP85 - Ln POP80 
1 + r = antilog ( ) (29) 5 
antilog (Ln 234.52- Ln 223.53) 5 
= 1. 009645 
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This growth rate is assumed to hold between 1980 and 1985. New growth rates 
are calculated between 1985 and 1990 and between 1990 and 2000. The annual 
growth rates of personal and per capita personal income are calculated in 
the same fashion. 
The three year moving average of the hourly wage rate of meat manufactur-
ing employees deflated by CPI (ww(MA4)) is assumed to grow at a rate of .8112 
percent per year which is the 1961-76 average rate of growth in this variable. 
Other assumptions relating to the base run 
An important restriction placed upon the model is that the quantity 
supplied equals the quantity demanded. In the livestock model, civilian 
consumption is determined by an identity which embodies this constraint. 
The same condition is imposed upon the crop commodities by the total inventory 
identity which requires total ending inventory to be equal to supply minus 
non-inventory demand. 
An additional restriction placed upon the crop submodels is that ending 
inventories cannot fall below assumed pipeline levels. Government inventories 
are constrained to be greater than or equal to zero and commercial inventor-
ies are restricted to be above their historical lows for 1949-76. The histori-
cal lows were eight million ton of feed grains in 1956, 9.9 million bushels 
of wheat in 1963, 1.3 million bushels of soybeans in 1953, and 1.7 million 
bales of cotton lint in 1963. The lower bounds on these variables are 
assumed to be seven for feed grains, nine for wheat, one for soybeans, and 
one for cotton lint. 
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The results of Simulation 1 
The results of Simulation 1 are examined at length in this subsection. 
Price and income results are converted from their 1967 constant dollar base 
to 1977 dollars to facilitate comparison with more current data. Tables 
C.l through C.lO of Appendix C contain the projected levels for Simulation 1 
of all major endogenous variables in both the livestock model and the crop 
market model for 1979 and 2000. The changes and percentage changes between 
1979 and 2000 are also presented to give the reader a feeling for the mag-
nitude and direction of change. Historical averages, which in most cases 
define periods of equal length to the analysis period, are presented along 
with changes and percentage changes. The historical data provide a base 
for comparison with the estimated data. 
Three and five-year averages are used for the historical data in an 
attempt to render them more comparable with their projected counterparts. 
The averages reduce the variability in the historical data, which enters 
stochastically because of changes in weather, tastes and preferences, 
domestic government policy, and foreign government policy, etc. The pro-
jected levels of the endogenous variables, on the other hand, are more 
smooth because the exogenous variables are projected with smooth time paths 
or are assumed constant. Therefore, even though three and five-year averages 
of historical data are used, the changes over the historical period may not 
be strictly comparable with the predicted data because of random events 
which occurred in the past such as the 1973 retail price freeze or the 
purchase by the Soviet Union of U.S. grain. However, these historical data 
are presented to provide the reader with some method of comparing future 
projections with past events. 
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The major emphasis of this study is to analyze the impacts upon the 
livestock sector of some specific crop and livestock policy alternatives. 
Therefore, limited emphasis is placed upon the results produced by the 
crop market model except where they relate to a better understanding of 
the events which occur in the livestock model or where events occur in the 
crop market model which are a direct result of changes in the livestock 
model. However, all major livestock and crop variables resulting from Simu-
lation 1 are discussed in this subsector to give the reader a better 
understanding of the nature and extent of changes which occur in Simula-
tions 2-8. 
Table C.l presents the results of Simulation 1 for beef. Production 
is projected to increase as in the past even though beef farmers do not 
respond as readily as in the past to higher lagged farm prices and lower 
lagged feed costs after 1990. But, the combination of an increasing farm 
price and lower feed costs resulting from reduced feed grain and soybean 
prices outweighs the effect of reduced farmer response, causing beef pro-
duction to increase by 12,832.0 million pounds from 1979 to 2000. This is 
slightly more than the increase of 11,381.0 million pounds between the 
1953-55 and 1974-76 averages. 
The level of consumption increases faster than production because of 
increased imports. Consumption would increase even faster if inventories 
did not increase as a result of competition from other meats and higher 
levels of beef production. Per capita consumption is estimated to increase 
by 32.3 pounds between 1979 and 2000 to a level of 158.6 pounds in 2000. 
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This is 9.8 pounds less than the increase over the 22 year historical 
period of 42.1 pounds. The lower level of increase in per capita co.nsumption 
is a result of assumed restrictions placed upon beef production and less 
consumer responsiveness to increased income after 1990. 
The retail price of beef is projected to be 12.3 percent higher in 
2000 than in 1979. This increase can be attributed to the assumption 
that changes in consumer tastes and preferences which caused trend increases 
in beef prices in the historical period continue into the future. The 
positive trend at the retail level is strong enough to cause beef prices 
to increase even though consumer responsiveness to increases in personal 
disposable income is assumed to decline in the last decade of this century. 
Also, the retail price increases by more than in the past because of the 
smaller increase in consumption relative to population during the analysis 
period. 
The farm price for beef is projected to increase over the analysis 
period by 14.5 cents per pound as compared to the 6.0 cent decline 
demonstrated by the historical data. The increase is a result of the higher 
retail price level and the lower rate of increase in the farm-retail margin. 
As the farm price and production increase, cash receipts for the sale of 
cattle and calves increase by $22,266.9 million, which is a 73.8 percent 
increase for the analysis period. 
Table C.2 presents the projected levels of the endogenous variables 
for pork along with historical data and other relevant information. The 
production of pork increases by 40.9 percent over the analysis period to 
a level of 18,841.4 million pounds. This is a faster rate of growth than 
55 
over the historical period. The result is higher inventories and higher 
levels of consumption. Per capita consumption increases to 73.0 pounds in 
2000, an amount which 10.5 pounds higher than the 1979 value. This increase 
comes after a historical period of relatively stable per capita consumption. 
Competition with beef brings about this increase in per capita pork con-
sumption. As is mentioned earlier, beef per capita consumption increases 
by 9.8 pounds less than in the historical period. At the same time, the 
change in per capita pork consumption increases from -1.8 for the historical 
period to 10.5 for the analysis period. The larger increase in pork 
consumption in the analysis period as compared with the historical period 
more than outweighs the smaller increase in beef consumption. 
The extent of substitution in consumption of the various meats can be 
seen by comparing the sum of the changes in per capita consumption of the 
five meats between the two periods. The sum of the changes in per capita 
consumption between 1953-55 and 1974-76 is 61.3 pounds, i.e., per capita 
consumption of all meats, roughly aggregated, increased 61.3 pounds during 
the historical period. The parallel value for 1979-2000 is 64.2 pounds. 
The difference between the two changes is only 2.9 pounds per capita which 
could be caused by random events entering into the historical data or by 
shifts in tastes and preferences toward the consumption of more meat. 
Even though the quantity of pork consumed increases, pork retail price 
is projected to increase. The farm price also increases because the farm-
retail margin increases by only 1.6 cents. The small increase in the farm-
retail margin occurs because marketing firms are able to reduce per pound 
costs of marketing as higher production allows them to perform their function 
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more e~~iciently. As in the case of beef, increased production and 
higher prices bring about higher cash receipts from the sale of hogs. 
The predicted values of the lamb submodel variables are 
found in Table C.3. The increase in lamb and mutton production between 
1979 and 2000 of 13.8 percent is deceiving. Production is estimated 
by the model to continue its decline through 1986 at which point lamb 
and mutton production reaches a low 209.9 million pounds. From 1986 
to 2000 it increases to 284.1 million pounds. The upturn in production 
occurs as a result of an increase in the ratio of the lagged three-year 
moving average of farm price to the lagged three-year moving average 
of feed costs. 
The quantity consumed follows the same pattern as production. It 
reaches 301.2 million pounds in 2000 which represent 1.1 pounds per capita 
consumption. This is a decline of .2 pounds from 1979, as compared to 
a 2.5 pound decline in per capita consumption over the historical period. 
The retail price increases by 16.0 percent. Most of the increase 
occurs between 1979 and 1990. The price increases by only 1.3 percent 
after 1990 because of higher levels of production, quantity available for 
consumption, and lower consumer responsiveness to increases in income. 
The farm-retail margin increases to a level of 108.2 cents per pound 
in 1990 after which it declines. The increase and decline result from the 
decrease and increase in production. Production enters the farm-retail 
margin equation as a weighted three-year moving average to account for 
cost economies. 
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The farm price increases over the analysis period, but it increases 
more slowly than the retail price in the first half as farm-retail margin 
increases. The farm price increases faster than the retail price in the 
last half of the analysis period for the opposite reason. Cash receipts 
from the sale of sheep and lambs begins to increase in 1986 after declin-
ing to $245.6 million in that year. 
Chicken production increases by 7,713.2 million pounds from 1979 to 
2000 as compared with a 5,519.0 million pound increase over the historical 
period. Table C.4 shows that the larger increase in chicken production 
translates into a per capita consumption of 69.0 pounds in 2000 as compared 
with 48.6 pounds in 1979. This increase in per capita consumption closely 
follows past trends. The change over the analysis period of 20.4 pounds 
is only .8 pounds greater than the change over the historical period of 
19.6 pounds per capita. This sustained increase in chicken supplies avail-
able for consumption occurs as a result of higher farm prices caused by 
increased demand for chicken relative to beef and turkey. 
Chicken retail price per pound is projected to increase during the 
analysis period by 32.9 percent after a sustained decline over the 
historical period. This turnabout is caused by smaller increases in turkey 
production and quantity consumed as compared to the historical period. 
Pork production and quantity consumed increase by more than in the historical 
period, but the effect is not enough to cause a chicken retail price to 
continue its sustained decline, especially since a change in turkey supplies 
available for civilian consumption affects the retail price of chicken by 
about 10 times as much as other substitute commodities. 
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Changes in quantities supplied for civilian consumption rather than 
actual levels are important because of the rate of growth in personal 
disposable income which has a positive effect on price. That is, if 
supplies available for consumption increase by less than in the historical 
period while income increases by the same rate as in the historical period, 
the retail price will increase. To have a stable increase in price, both 
income and quantity consumed should increase along past trends. 
The farm-retail margin, farm price, and cash receipts variables for 
chicken also increase substantially over the analysis period. The farm-
retail margin increases by 19.2 percent from 1979 to 2000. The farm price 
increases by 47.8 percent over the same period. The combination of 
higher levels of production and a higher farm price brings about an increase 
in cash receipts by 138.6 percent. 
The important information for the projected turkey variables is found 
in Table C.S. Production increases from 2,236.5 million pounds in 1979 
to 3, 094. 51, in 2000. This is an increase of 858. 0 millio~pounds in 22 
years. Over the 22 year historical period, turkey production increases by 
1,108.0 million pounds. 
The increase in turkey production does not offset the trend toward 
lower ending inventory; therefore, turkey inventory declines over the 
analysis period. 
Turkey per capita consumption increases from 9.8 pounds in 1979 to 
11.4 pounds in 2000. This is an increase of only 1.6 pounds as compared 
to an increase of 3.9 pounds over the historical period. The lower level 
of change in the quantity consumed along with the effect of increased income 
causes the retail price of turkey to increase slightly between 1979 and 2000. 
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At the same time the farm-retail margin increases by 43.3 percent and 
the farm price declines by 23.6 percent. The increase in farm-retail 
margin is caused by the large influence of wages as compared to the negative 
effect of the other variables ~rhic~ influence it. Even with the lower farm 
price, cash receipts increase by 6.1 uercent as uroduction increases. 
The projected and historical variables for the feed grain submodel 
are found in Table C.6. Harvested acreage continues to decline, but 
slower than for the period from the 1951-55 average through the 1972-76 
average. Production increases by 60.1 million tons as compared with 
83.4 million tonsin the historical period. This lower level of increase 
is a result of assumed slower rates of growth in yield after 1990. Total 
end-of-year inventory declines from 34.1 million tons in 1979 to 14.2 
million tons in 2000. Inventories decline because of a smaller increase 
in supply and an increase in commercial demand which parallels the increase 
over the historical period. The feed grain price per ton and the corn 
price per bushel as presented in Table C.6 both decline between 1979 and 
2000.as they did in the past. However, as inventories become tighter 
after 1990, the rate of decline in feed grain price begins to slow until 
the price begins to increase in the last three years of the analysis period. 
Table C.7 presents information pertaining to Simulation 1 for the 
wheat submodel. Harvested acreage in the analysis period increases by 5.5 
percent. At the same time, production increases but not as much as for 
the historical period because of an assumed decline in the rate of growth 
in yield after 1990. Along with the decline in the rate of increase in 
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production comes a greater increase in commercial and food demand than 
i~ the historical period. A reduction in. inventorY. results. The price 
of wheat responds as did the price of feed grains. That is, it declines 
as in the past, but at a slower rate. After 1990 the wheat price 
declines even more slowly than during the first half of the analysis 
period until it begins to increase after 1998 as inventories become tighter. 
Soybean harvested acreage increases by 24.1 million acres over the 
analysis period as compared to a 35.4 million acre increase over the 
historical period (Table C.8). The increase in soybean acreage is not 
completely offset by reductions in acreage harvested for the other three 
crops. Therefore, total harvested acreage for all four crops increases. 
The estimated sum of feed grain, wheat, soybean, and cotton harvested 
acreage for 1979 is 226.5 million acres. This increases to 249.9 
million acres in 2000, which is 23.4 million acres more than in 1979. 
Acreage harvested for these crops in 1977 was 244.4 million acres {34] 
which is only 5.5 million acres less than the projected level for 2000. 
This estimated rate of growth in soybean acreage and the trend in 
yield brings about an increase in production of 1,172.9 million bushels. 
Demand also increases, but the increase is not enough to completely 
offset increases in production. The result is a higher level of 
soybean inventory in 2000 than in 1979. This, along with higher 1evels 
of production, causes the soybean price per bushel to decline by 94 
cents between 1979 and 2000. Gross income increases by $4,073.7 million 
to a level of $13,834.4 million in 2000. 
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Table C.9 contains data relevant to cotton lint for Simulation 1. 
Most cotton lint variables are fairly stable over the analysis period 
except for inventories and commercial demand. Commercial demand increases 
by 52.6 percent as compared to 23.1 percent decrease over the historical 
period. The downward trend is reversed because the price per pound of 
polyester is assumed to be constant in real terms in the future. In the 
past, the polyester price has declined dramatically, causing substitution 
away from cotton fabrics to polyester fabrics. The polyester price is 
expected to remain constant in the future in real terms because of higher 
oil prices. Cotton gross income is projected to decline as it did in the 
past, but the decline is considerably less than over the historical period. 
Production, supply, and price per ton for cottonseed are presented in 
Table C.lO. Cottonseed production increases because of the increase in 
cotton lint production. Cottonseed price continues to decline in the 
future to a level of $53.0 per ton in 2000. This is a $26.0 drop in price 
caused by higher production and competition with soybean oil and meal. 
Some readers might question whether crop prices will decline in real 
terms over the next 22 years. At this point, it is useful to present the 
prices received by farmers in nominal dollars to compare with the real 
prices projected by the model. It must be remembered, however, that generally 
the price and income results presented in this study are expressed in real 
1977 dollars except where deviationsfrom this general rule are explicitly 
mentioned. Table 10 presents both real and nominal prices for several years 
from 1980 through 2000. Though real prices of all crop commodities are 
projected to decline over most of the analysis period, nominal prices 
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increase sharply for all crops over the entire period. Most of the 
increase in nominal prices can be attributed to inflation. Nominal 
prices are obtained by multiplying the real prices projected by the 
model times the Consumer Price Index which is assumed to grow at a rate 
of 5.75 percent per year. Another reason for increasing nominal prices 
is that the rate of decline in real prices is not as great as it was in 
the past. The model estimates that real crop price will decline, but the 
rate of decline is far from 5.75 percent. In the past nominal prices were 
actually declining or fairly stable through 1972, after which time they 
became higher and less stable due to such factors as increased exports. 
The prices estimated by the model are felt to be reasonable projections. 
The higher levels of exports which occurred between 1972 and 1976 are assumed 
to continue into the future while at the same time the rates of growth in 
feed grain and wheat yield are assumed to decline. The effect of these 
two forces along with other factors such as increased livestock feeding, 
results in lower levels of inventories in most cases. This in turn brings 
about a slower rate of growth in supply. Therefore, real prices decline 
at slower rates than in the past. In conjunction with generally higher assumed 
rates of inflation than in the past, this causes nominal prices to increase. 
Assumptions and Results of Parity Price Policy Simulations 
Simulations 2-4 alter Simulation 1 by requiring that crop prices be 
supported at parity levels starting from 1979 and continuing through 2000. 
In Simulation 2, prices received by farmers for their crops are required to 
be greater than or equal to 100 percent of parity. Simulation 3 requires 
that crop prices be equal to the parity price. The loan rate is set equal 
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to the parity price in Simulation 4, allowing the price received by 
farmers to be less than, equal to, or greater than parity. 
The individual crop parity prices are calculated by averaging monthly 
parity prices found in Agricultural Prices [36] over the commodity's 
1977 crop year. The result is a season average parity price which is 
comparable to the season average price received by farmers for a par-
ticular crop. The adjusted base price, which is the average price re-
ceived by farmers over the previous 10 years for a particular commodity 
divided by the average over the previous 10 years of the Index of Prices 
Received by Farmers, is assumed to be constant at 1977 levels for each 
crop. Real parity prices from 1979 through 2000 are assumed to increase 
at a rate of only .25 percent. This slight increase occurs because the 
Consumer Price Index is assumed to increase at a rate of 5.75 percent 
while the Parity Index is assumed to grow at a rate of 6 percent. Parity 
prices are calculated by multiplying the adjusted base price by the Parity 
Index. The parity price is then expressed in real terms by dividing by 
the Consumer Price Index. Since the adjusted base prices are 
assumed constant, the real parity prices increase by .25 per year. 
The results of Simulations 2-4 are examined in the following subsections. 
Tables C.ll through C.28 of Appendix C contain the projections for all 
eight simulations. The results for Simulation 1 are expressed in actual 
units while the results for Simulations 2 through 8 are expressed in terms 
of percentage deviations from Simulation 1. A positive percentage represents 
an increase while a negative percentage represents a decrease in relation 
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to Simulation 1. The impacts upon the livestock sector are analyzed 
in the following subsection along with important changes in the crop 
sector. 
Simulatio~ 2-3 
Differences between Simulations 2 and 3 are slight. Therefore, they 
are considered together in this subsection. The only difference between 
these two simulations is that crop prices are allowed to increase above 
parity in Simulation 2 while they are constrained to be equal to parity 
in Simulation 3. The soybean price is above parity in Simulation 2 from 
1990-2000 because inventories are drawn down to pipeline levels. The 
decline in soybean inventories occurs over several years as the effects 
of higher crop prices cause substitution in acreage away from soybeans 
and into the other three crops whose prices are normally lower than the 
soybean price in relation to parity. 
By setting crop prices at parity levels, the levels of production 
of all five'livestock and poultry commodities are reduced. Table C.ll 
indicates that production does not decrease immediately as a result of 
increased feed costs. Two factors contribute to this result. First, 
lagged season average feed grain and soybean prices are used to determine 
current year livestock feed costs. This is done because lagged season 
average feed grain and soybean prices include eight or nine months of 
the current calender year while the current season average prices include 
only three to four months of the current calender year. Therefore, in 
relation to the livestock sector, lagged season average feed grain and 
soybean prices more closely represent current calender year prices. 
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Second, in the cases of beef, pork, and lamb and mutton, lagged feed costs 
are used to determine current meat production. Current feed costs are used 
to determine chicken and turkey production. Because of these two factors, 
chicken and turkey production decline in 1980 by 6.47 percent and 2.50 percent, 
respectively. Beef, pork, and lamb and mutton production begin to decline 
in 1981 as the effects of higher feed grain and soybean prices cause live-
stock numbers to decline. 
The competition among the commodities can be seen as it affects pro-
duction levels from the beginning to the end of the analysis period. The 
percentage reduction in beef production from Simulation 1 to Simulation 2 
increases over time. In 1981-85, beef production is 2.55 percent lower 
for Simulation 2 than for Simulation 1. It is 8.62 percent lower for 1986-90, 
12.28 percent lower for 1991-95, and 14.15 percent lower for 1996-2000. 
On the other hand, the percentage reduction in pork production becomes 
smaller over time. The same is true for lamb and mutton, chicken, and 
I 
turkey production. These competitive trends can be more easily seen by 
examining the changes in the proportion of beef production to total meat 
production over time. In 1979 beef production is estimated to be 49 percent 
of total meat production. The impact of higher grain prices begins to be 
demonstrated in the 1981-85 period. The proportion of beef to total meat 
production increases to an average of 51 percent. This larger percentage 
results because beef responds less rapidly to higher feed costs because of 
biological reasons. But, by the 1996-2000 period beef production accounts 
for only 46 percent of meat production demonstrating that over the years 
other meats are substituted for beef as beef producers finally adjust to 
67 
increased feed costs. Farmers respond by producing less beef than in 
Simulation 1 relative to other meats. 
The explanation for these results can be seen in Table C.l6 which 
contains the simulation results for livestock and poultry farm prices. 
Farm prices for all five commodities increase sharply, but they increase 
to higher levels for pork, chicken, and turkey than for beef. For Simu-
lation 2 the beef farm price is 56.90 percent above its Simulation 1 
value. Farm prices for Simulation 2 for pork, chicken, and turkey are 
59.27 percent, 59.02 percent, and 87.93 percent higher than for Simulation 
1, respectively. Also, beef production takes longer to respond to changes 
in feed costs than the other four commodities because of biological 
reasons. The large percentage increase in the price of turkey almost 
entirely offsets the tendency toward reduced production caused by parity 
crop prices. Turkey production is only .32 percent lower for Simulation 
2 than for Simulation 1 in 2000. 
Lamb and mutton production almost reduces to zero as a result of 
the increased feed grain price. The model constrains lamb and mutton 
production to be greater than or equal to 50 million pounds. This low 
level is reached by 1985 for both Simulations 2 and 3. Consequently, 
for Simulation 2 the farm price for lamb increases by only 13.61 per-
cent above Simulation 1 in 2000. 
Not only would production of livestock commodities be hindered by 
supporting crop prices at parity levels, but consumers would also have 
to pay higher retail prices for meat. Retail prices are higher for 
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all commodities, as shown by Table C.l4. Retail prices for beef, pork, 
lamb, chicken, and turkey are 42.19, 40.73, 15.90, 32.40 and 39.14 percent 
higher for Simulation 2 than for Simulation 1 in 2000, respectively. For 
the 1981-85 perio~ retail prices are 6.11, 24.18, 5.55, 26.01, and 11.76 
percent higher. 
The retail prices of beef, pork, and lamb are slightly lower in 1980 
than for Simulation 1 because lower production levels of chicken and turkey 
cause inventories of beef, pork, and lamb to be lower as consumers respond 
to the more rapid adjustment of chicken and turkey producers to increased 
feed costs. 
Table C.l7 presents the simulation results for livestock cash receipts. 
Even though production is reduced, prices increase by larger percentages 
than production decreases. Therefore, cash receipts from the sale of 
livestock commodities increase, except for lamb. For lamb, production 
declines rapidly reaching its lower limit by 1985. However, the lamb farm 
price increases by much less than for the other meats. As a consequence, 
cash receipts for Simulation 2 are 86.23 percent below those for Simulation 1 
in 2000. 
. 
Tables C.l8-C.28 present the simulation results for the four crop 
commodities. As a result of setting crop prices at parity levels, the 
commercial demand for each crop immediately falls as livestock producers 
reduce feeding (Table C.24). But, as has been noted earlier, livestock 
production does not decline immediately except for chicken and turkey which 
are affected by current feed costs (lagged feed grain and soybean prices). 
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The sizes of the beef and hog herds and sheep flocks are essentially 
fixed in the current year because of biological factors. But, the composi-
tion can change, especially for beef. The results of the model indicate 
that less of the meat produced is grain fed during the early years of the 
parity program. As livestock producers begin to reduce their meat production 
in response to higher lagged feed costs, livestock prices begin to rise 
in the later years. As livestock prices rise, producers feed more grains 
to larger and larger portions of their animals and they feed them to heavier 
weights. Thus, between 1991 and 2000 the commercial demand for feed grains 
is actually higher for both Simulations 2 and 3 than for Simulation 1. 
The implication is that the reduced level of beef production during these 
years is composed of larger numbers of fed animals in relation to the 
earlier years of the analysis period. The increase in the feed grain price 
to parity levels is offset in its effect upon the commercial demand for 
feed grains by increased feeding caused by higher livestock prices. 
Wheat and soybean commercial demands for Simulations 2 and 3 remain 
below their values for Simulation 1 throughout the analysis period. For 
Simulation 2 the reduction from Simulation lfor wheat commercial demand 
is 41.15 percent in 1979 while it is only 8.53 percent below Simulation 1 
in 2000. 
Simulation 4 
Simulation 4 sets crop loan rates equal to parity prices. Crop prices 
increase by much less than if they are set at parity. Feed grain prices 
are 30.81 percent higher in 2000 for Simulation 4 than for Simulation 1 
70 
while the increase for Simulation 2 is 112.07 percent. The soybean price 
experiences a 38.51 percent increase for Simulation 4 as opposed to a 
79.82 percent increase for Simulation 2 in 2000. 
The higher crop prices again bring about a reduction in the production 
of all livestock and poultry commodities. The reduction is less than for 
either Simulation 2 or 3, however, because of the smaller increase in feed 
costs. Lamb production again reduces to its lower limit, but the limit is 
not reached until 1998. Turkey production is higher by .16 percent during 
the 1996-2000 period than it is for Simulation 1 even though feed costs 
are higher. This occurs because consumers substitute turkey and other 
meats for beef, encouraging farmers to increase the production of turkey 
relative to beef. The signal comes through the farm prices of the five 
commodities. The farm price for turkey in Simulation 4 is 40.34 percent 
higher than in Simulation 1 for 1996-2000, as compared with 22.53, 22.38, 
4.91, and 22.80 percent for beef, pork, lamb, and chicken, respectively. 
With crop loan rates set equal to parity prices, the retail price of 
beef increases by 2.58 percent in 1981-85 as compared to 6.11 percent for 
Simulations 2 and 3. By 1996-2000 the turkey retail price registers the 
highest percentage increase of the five commodities (18.45) over Simulation 1, 
while the retail price of lamb increases by the smallest percentage. 
Cash receipts increase above those estimated by Simulation 1. How-
ever, the increase is generally only about half as much as for Simulations 
2 and 3. This is expected because of the smaller increases in prices. 
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Table C.l8 shows harvested acreage for feed grains and wheat to be 
slightly lower for Simulation 4 than for Simulation 1 while soybeans and 
cotton acreage are slightly higher. This occurs as farmers respond to 
relative price changes in favor of soybeans and cotton and away from feed 
grains and wheat. 
The effects of setting loan rates at parity levels on crop commercial 
demands are seen in Table C.24. The commercial demand for feed grains 
is generally lower than for Simulation 1, while in the later years of the 
analysis period wheat and soybean demands are higher than for Simulation 1. 
This occurs as wheat is substituted for feed grains in feeding. Feed grains 
available for livestock and poultry feeding are reduced as acreage is 
reduced. Therefore, as inventories of feed grains reach pipeline levels 
in the later years of the analysis period,feed grain commercial demand 
is reduced and more wheat is used in feeding. The increased wheat feeding 
causes wheat inventories to decline below levels of Simulation 1. Also, 
because of increased acreage, the soybean supply increases by more than it 
did for Simulation 2 and 3. Therefore, larger quantities are available 
in later years for livestock and human consumption than in Simulation 2 
and 3. 
Assumptions and Results of Beef Import Policy Simulations 
Simulations 5-8 analyze the impacts upon the livestock sector of 
increasing beef imports in an attempt to slow the increase in beef prices. 
Simulation 5 assumes that beef imports aremaintained at 5 percent above 
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import levels assumed in Simulation 1 starting in 1979 and continuing to 
2000. Simulations 6-8 assume beef imports are 10, 15, and 20 percent 
higher than Simulation 1 levels-, in their respective order •. 
The following subsections deal with the results of Simulations 5-8. 
Tables C.ll-C.l8 of Appendix C present the results for the five livestock 
commodities and Tables C.l9-c.28 of Appendix C contain the estimated variables 
of the crop commodities. The impacts upon the livestock sector are analyzed 
along with important impacts upon the crop sector._ 
Simulation 5 
Table C.l3 of Appendix C indicates that a 5 percent increase in beef 
imports results in a .42 percent increase in the quantity of beef available 
for consumption in 1979. This has an immediate impact upon the retail prices 
of all commodities causing them to decline. The retail price of beef is 
predicted to fall by .77 percent in 1979 which translates into a 1.37 cent 
decrease. 
As the supply of beef becomes more plentiful, consumers consume more 
beef relative to other meats causing the retail prices of substitutes to 
decline. There also is an immediate impact upon the farm-retail margins 
of beef, pork, chicken, and turkey. The farm-retail margins for beef, 
pork, and turkey increase as the farm prices of these commodities decrease 
by more than their retail prices. This difference suggests that retail 
prices do not adjust immediately to changes in farm prices. The farm-
retail margins for chicken declines by .10 percent because the retail 
price declines by more than the farm price. 
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Th.e decline in farm prices in 1979 brings about a de.cline tn cash 
receipts for Simulation 5.. Cash receipts decline by 1..42, .. 66, •. 11, ,53~ 
and 1. 46 percent for beef, pork, lamb, chicken, and turkey, respe.ctively .. 
By the 1996-2000 period, productionof all commodities except turkey 
experiences a slight increas-e over Simulation 1. This happens because 
during the early years of the analysis period the increase in beef imports 
causes farm prices of all connnodities to decline (especially the price of 
beef} causing production to decline and the commercial demands for feed 
grains, soybeans, and other crops to decline.. This causes crop inventories 
to build up and crop prices to decline as supplies increase. The lower 
feed grain and soybean prices eventually encourage expansion in the production 
of livestock commodities offsetting the production depressing effects of 
lower livestock commodity prices. Of course, this analysis assumes that 
government crop programs are the same as in Simulation 1. It is likely that 
the government would respond to the increased inventories and lower crop 
prices in such a way as to provide more support for crop prices, thus reducing 
' the possibility of production increases in the later years. The respective 
changes in production for beef, pork, lamb, chicken, and turkey from Simulation 
1 to Simulation 5 in 1996-2000 are .07, .34, 9.02, .19, and -.04 percent. In 
general these changes are very slight. 
Because of the sustained 5 percent increase in imports of beef, the 
retail price of beef declines by only 1.65 percent from Simulation 1 in 1996-
2000. This translates into only a 3 .. 16 cent per pound decline in the real 
price of beef from 191..89 to 188.73 cents per pound. However, for the same 
period the farm price falls by 2.35 percent or by 3.18 cents per pound. At 
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the same time, cash receipts. for beef decline by $1,204,00 million which 
is a 2.41 percent decline from Simulation 1~ 
Cash receipts from the sale of.other comrnodities except for lamb also 
decline. Lamb cash receipts increase because the 9 .. 02 percent increase 
in production outweighs the .49 percent decline in lamb farm price in 
1996-2000. 
The initial impact of a 5 percent increase in beef imports upon the 
crop sector is a decrease in the commercial demands in 1979 of feed grains, 
wheat. and soybeans. This, in turn. causes ending year inventories of these 
crops to increase. Hence, supply for the 1980 crop year increases above 
Simulation 1, causing prices received by farmers to decline. The price 
decline in 1980 encourages farmers to adjust their 1981 acreage. Farmers 
adjust their plantings according to relative crop prices. The result is 
a slight decline in soybean acreage by an average of .07 percent during 
1981-85. Feed grain acreage increases by .01 percent, wheat acreage 
increases by .08 percent, and cotton acreage increases by .13 percent. 
For the rest of the analysis period. feed grain acreage is lower than for 
Simulation 1. Soybean acreage is also lower. Wheat acreage, on the other 
hand, is higher than for Simulation 1 mainly because wheat commercial demand 
accounts for only 35 percent of all domestic demand in 1979 and 36 percent 
of all domestic demand in 1996-2000 for Simulation 1. Therefore, even 
though commercial demand for wheat declines because of lower livestock 
prices, the demand for human consumption increases because of lower wheat 
prices. The net result is a decrease in domestic demand but by less than 
the decreases in domestic demand for feed grains and soybeans.. This causes 
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inventories and supplies to build up at slower rates than for feed grains 
and soybeans. The result is· that wheat prices decline by les-s than 
do feed grain and soybean prices causing substitution of acreage into wheat 
from feed grains and soybeans. Cotton acreage also increases over the 
entire analysis period because the commercial demand for cotton lint is 
not directly affected by the livestock sector. The lower cotton lint 
prices result from increased production and higher levels of inventory 
cuased by increased acreage. 
Not only do cash receipts in the livestock sector fall, but gross 
income in the crop sector also falls. By the year 2000 a 5 percent increase 
in beef imports brings about a decline from Simulation 1 in gross income 
for feed grain, wheat, soybean and cotton by 3.74, 3.14, 4.13, .85 percent, 
respectively. 
Simulations 6-8 
Simulations 6-8 assume that beef imports are higher than for Simulation 1 
by 10 percent, 15 percent, and 20 percent, respectively. The direction······ 
of change from Simulation 1 is the same for each of Simulations 5-8. The 
difference is the magnitude of change because of higher beef imports. For 
example,in 1981-85 beef production declines by .16 percent because of an 
increase in beef imports of 5 percent while an increase in beef imports 
of 10 percent causes beef production to decline by .33 percent from Simulation 
1 levels. Fifteen percent and 20 percent increases in beef imports cause 
production of beef to decline by .49 percent and .66 percent, respectively, 
for the same period. The pattern portrayed for beef production in 1981-85 
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is the same as for every other endogenous variable in the model except 
feed grain commercial inventory. That is, as beef imports increase by 
increments of 5 percent from 5 percent to 20 percent, each endogenous 
variable increases or decreases without changing the direction of change. 
Because of this property of Simulations 5-8, only Simulation 8 will be 
discussed in any detail in this subsection. The results of Simulations 
6 and 7 fall between those of Simulations 5 and 8. 
A 20 percent increase in beef imports causes the retail price of beef 
to decline in 1979 by 3.08 percent which is a reduction of 5.46 cents per 
pound. By the year 2000 the beef retail price is 7.18 percent or 14.29 
cents lower than for Simulation 1. For par~ the reductions in retail price 
are 1.97 cents per pound in 1979 and 5.74 cents per pound in 2000. The 
1979 reductions in retail price for lamb, chicken, and turkey are .26 
percent, 1.36 percent, and 2.71 percent, respectively. Turkey experiences 
the largest percentage reduction in retail price in 2000 (8.56 percent). 
Farm prices for all livestock and poultry commodities decline because 
of increased beef imports. Except for chicken, farm prices decrease by 
more than retail prices because of higher farm-retail margins. The beef 
farm price declines by 5.21 percent in 1979 or6.60cents per pound. Pork 
farm price declines by 2.22 cents per pound with the chicken farm price 
declining by only .70 cents per pound and the turkey farm price being reduced 
by 2.48 cents per pound. The farm price of lamb declines by only .53 cents 
per pound. These lower farm prices are reflected in lower cash receipts 
for the livestock commodities in 1979. Beef and turkey cash receipts are 
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reduced more than 5 percent from Si-mulation 1 to Simulation 8. Pork and 
chicken cash receipts fall by 2,64 percent and 2,13 percent, respectively, 
Lamb cash receipts decrease by only ,44 percent. 
By the year 2000, after beef imports are sustained at 20 pe.rcent above 
levels assumed in Simulation 1, cash receipts are 10 •. 24, 7.29, 8.10, and 
20.81 percent lower for beef, pork, chicken, and turkey, respectively. 
Lamb cash receipts are 47.53 percent higher as lamb and mutton production 
is stimulated by lower feed grain prices. Lamb farm price declines but 
not enough to offset the increase in production. 
The 20 percent higher beef imports of Simulation 8 have impacts upon 
the crop sector which are similar to those for Simulation 5. The difference 
is that the impacts are larger for Simulation 8 than for Simulation 5. The 
exception is with feed grain commercial and government inventories. As 
feed grain demands are reduced, inventories build up and prices fall. Much 
of the excess grain is received from farmers by the government in repayment 
of loans under the government price support program. As government inven-
tories accumulate, private farmers hold less and less grain. In 1996-2000, 
Simulation 5 registers a 5.53 percent increase in commercial inventories 
of feed grains while the 20 percent increase in beef imports causes commercial 
inventories to be 13.10 percent below the level for Simulation 1. This 
occurs even though both government and total feed grain inventories increase 
from one simulation to the next. 
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LIMITATIONS OF THE MODEL AND IMPLICATIONS 
FOR FURTHER RESEARCH 
The combined livestock and crop model used in this study has several 
limitations which deserve some attention. The beef submodel of the live-
stock model is highly aggregated. Production is in terms of the total 
quantity of beef produced. For the analysis undertaken in this study, 
however, the model is adequate. But, by disaggregating the beef submodel 
into fed and nonfed beef, a more indepth analysis of the beef industry 
might be possible. Also, the livestock model might be enhanced by expand-
ing each subsector to account for herd or flock sizes, slaughter and cull-
ing rates, and other important variables which underlie the actual 
production of meat. 
As it is presently constituted, the livestock model is composed of 
only five commodities in the U.S. livestock sector. Submodels for the 
dairy and egg subsectors with linkages to the other livestock and crop 
commodity submodels, would allow a more complete analysis of the impacts 
of government policies upon the U.S. livestock sector. 
The policy alternatives analyzed in this study are only a small sub-
set of the possible alternatives which can be analyzed with the model. 
With only slight modifications of certain exogenous variables, a myriad 
of alternatives could be analyzed. The model can also be restructured 
to include the possibility of analysis of alternatives which are not 
presently possible. 
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For instance, the crop model might be improved by disaggregating 
crop commercial demands among their various domestic uses. Also, a 
complete input model with commodity specific demands for various impor-
tant agricultural inputs is being developed at the Center for Agricul-
tural and Rural Development. Crop yields, which are exogenously determined 
in this model, might be linked to the input model through yield functions 
which would allow varying levels of input use to influence production. 
The impacts of various input policy alternative could then be analyzed. 
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SUMMARY AND CONCLUSIONS 
Government policies of the 1950s and 1960s were directed mostly 
toward supporting incomes of crop farmers by supporting prices at some 
level in relation to parity. Loan rates and acreage diversion were the 
primary tools. The livestock sector benefited as government-owned 
grain inventories began to accumulate. The high levels of government 
inventories provided a buffer to cushion the effects on the livestock 
sector of grain shortfalls caused by poor weather. The result was 
relatively stable feed prices which encouraged a structural change in 
both the livestock and crop sectors of U.S. agriculture. Stable crop 
and feed prices encouraged specialization as uncertainties facing farmers 
were reduced by government intervention. Farmers were more willing to 
invest in land, machinery,and other high risk investments. 
The livestock sector became more and more dependent upon stable 
feed prices as large feedlots for beef and hogs became more prevalent. 
The broiler and turkey industries also expanded in size and specialization 
of units. In spite of increased dependence of the livestock sector on 
stable grain prices, in recent years less attention seems to have been given 
to the livestock sector as government grain policies were formulated. The 
events leading to the return of U.S. agriculture to a free market system 
in 1974 re-introduced a level of price uncertainty in livestock production 
not known for many years. Grain prices increased sharply in response 
to increased exports and stock drawdowns. With reduced stocks, weather 
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and disease began to play an increasing role in causing fluctuations 
in crop prices. The livestock sector,which had evolved after years of 
relatively stable prices,became subjected to high and variable feed costs. 
In 1974 crop farmers were encouraged to produce all they could based 
on the belief that prices would remain high. But, with increased 
productio~ crop prices began to fall by 1976. Farmers who had invested 
heavily in land and machinery began to feel the pinch. As a result, 
in 1977 the American Agriculture Movement was organized. The concept 
of parity prices was revived as the Movement threatened an agricultural 
strike if farmers did not receive 100 percent of parity for their commodities. 
In recent years, consumers have had more influence in determining 
agricultural policy than in the past. The effects of the consumer boycott 
of beef in 1973 demonstrated the increasing influence on agricultural 
policy of consumer movements. With the threat of a boycott in the wind, 
it was not long before the Nixon Administration responded by suspending 
the beef import quota in an attempt to reduce beef prices by increasing 
supply. In addition, price ceilings were placed on many livestock commodities. 
Again in 1978 and 1979, beef prices increased rapidly and the Carter 
Administration considered increasing the beef import quota. 
The focus of this study is to analyze the impacts of various crop 
and livestock policies upon the livestock sector of U.S. agriculture. 
The specific policies considered deal with certain aspects of the 
problems mentioned above. Two groups of policy alternatives are 
considered. First, the impacts on the livestock sector of supporting 
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crop prices at parity levels are analyzed. Second, the impacts on the 
livestock sector of increasing the beef import quota are analyzed. 
To analyze these alternatives, a five-commodity econometric simulation 
model of the U.S. livestock sector is linked to a revised and updated 
version of the crop market sector of the National Econometric Simulation 
Model developed at the Center for Agricultural and Rural Development. 
The livestock model consists of beef, pork, lamb, chicken,and turkey 
submodels which contain competitive linkages to allow substitution of 
one meat for another in consumption. The crop market model contains 
submodels for feed grains (the aggregate of corn, oats, barley, and grain 
sorghum), wheat, soybeans,and cotton. Competition among the crop 
commodities in production enters through the acreage equations as farmers 
respond to changes in relative crop prices. Linkage of the livestock 
and the crop models is accomplished through the meat production equations 
which use feed grain and soybean prices to determine feed costs which 
influence production. Also, the farm prices estimated by the livestock 
model are used to determine the commercial demands for feed grains, wheat, 
and soybeans. 
The two groups of policies are analyzed by eight different runs of 
the model (simulations}. Simulation 1 serves as a base with which simula-
tions 2-8 are compared. The exogenous and policy variables for Simulation 
1 are set equal to their expected levels from 1979 to 2000. Simulation 2 
deviates from Simulation 1 in that crop prices are required to be greater 
than or equal to 100 percent of parity. Similarly, Simulation 3 sets crop 
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prices equal to parity levels, while Simulation 4 sets crop loan rates 
equal to parity prices, Simulations 5~8 are different from Simulation 1 
in that beef imports are increased above levels assumed for Simulation 1~ 
Beef imports are 5, 10, 15, and 20 percent higher than Simulation 1 for 
Simulations 5-8, respectively. 
Simulations 2 and 3 produce similar results, The difference is that 
Simulation 2 allows the soybean price to increase above parity levels 
after 1990 while Simulation 3 does not. Because of these slight differences, 
Simulations 2 and 3 are analyzed together, 
By setting crop prices at parity levels, the levels of production 
of all five livestock and poultry commodities are reduced. However, 
production is not immediately affected because of time lags in the effects 
of feed costs upon meat production. 
Competition among the five commodities, biological differences, and 
resource restrictions placed upon beef production cause higher proportions 
of other meats to be produced and consumed relative to beef over time. 
That is, even though meat production is reduced for all commodities when 
crop prices are set at parity, beef production constitutes a smaller and 
smaller proportion of total meat production over time. For 1981~85, beef 
production averages 51 percent of total meat production while in 1996-2000 
the percentage is reduced to 46. In 1979, beef production is estimated 
to be 49 percent of total meat production. These results suggest that high 
grain prices have a larger and more immediate impact upon meats other than 
beef in the early years of the analysis while in the later years beef 
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production is reduced by more than the production of the other four meats 
combined, Beef production is slower to respond to increased feed costs. in 
the early years because biologically it takes longer to make adjustments 
in herd sizes than it does to adjust the herds and flocks of the other 
commodities to changing economic conditions.. In the later years of the 
analys·is period, however, as beef herds are adjusted to higher feed costs 
and as farm prices decline relative to those of the other commodities, 
beef production declines as a proportion of total meat production. 
Not only would production of livestock and poultry commodities be 
hindered by supporting crop prices at parity levels, but consumers would 
also have to pay higher prices for meat. Retail prices are higher in 
2000 for Simulation 2 than for Simulation 1. Simulation 2 retail prices 
are 41, 16, 32, and 39 percent higher than for beef, pork, lamb, chicken, 
and turkey, respectively. 
The commercial demands for feed grain, wheat, and soybeans are 
immediately reduced by parity crop prices and remain below Simulation 1 
levels until after 1990, at which time higher livestock prices result in 
larger proportions of fed cattle and increased demands for feed grains. 
The commercial demands for wheat and soybeans remain below their Simulation 
1 levels for the entire analysis period. 
Simulation 4 sets crop loan rates equal to 100 percent of parity. 
Crop prices increase by much less than if they are set at parity levels. 
Therefore, the decline in meat production from Simulation 1 levels is 
less for Simulation 4 than for Simulations 2 and 3 because of smaller 
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increases in feed cos:ts. Turkey production averages sLightly higher 
during 1996-2000 than for Simulation 1, even though feed cos·ts are higher. 
This occurs because conswners· substitute turkey and other meats for beef 
encouraging farmers to increase th.e production of turkey relative to beef. 
This result occurs because of larger increases in the turkey farm price 
relative to the farm price of beef, 
With crop loan rates set equal to parity prices, the retail price 
of beef increases by 2.58 percent in 1981-85 as compared to 6.11 percent 
for Simulations 2 and 3. Prices increase by larger percentages than 
production decreases, causing cash receipts from the sale of livestock 
and poultry commodities to increase above the Simulation 1 levels. 
From the three parity price policy simulations, it can be concluded 
that the production of livestock and poultry commodities would decline 
if crop prices were supported at parity levels. Beef production is projected 
to decline for the year 2000 by approximately 14.50 percent from Simulation 
1 levels for both Simulations 2 and 3. On the other hand, supporting crop 
prices by increasing loan rates to parity levels only causes a 5.89 percent 
reduction in beef production by 2000. Generally, over the entire analysis 
period, production of the other commodities is reduced by less in Simulation 
4 than in Simulations 2 and 3. These results occur because feed costs are 
lower for Simulation 4 than for Simulations 2 and 3. Lower feed costs 
result because increas-es in crop loan rates do not result in equivalent 
increases· in crop prices·. 
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The results also indicate that retail prices to conSU11lers would 
increase sharply for all commodities if crop prices were supported at 
parity levels. The increases would be less than half as much if the 
support were to come through higher loan rates rather than through legis-
lation requiring crop prices received by farmers to be at parity levels. 
Cash receipts from the sale of livestock and poultry commodities 
generally increase greatly because of lower production and large increases 
in farm prices. It might appear to some that livestock and poultry 
producers would benefit from higher feed costs as reflected in higher gross 
incomes. This is not necessarily true, however, because the model in 
its present state does not estimate net income. Increased feed costs would 
in fact reduce profit margins especially in the early years of the analysis 
period. It is the reduced profit margins that encourage livestock and 
poultry farmers to cut back production or to go out of business. 
Government-owned inventories of crop commodities would increase 
dramatically if crop prices were supported at parity. Higher levels of 
government inventories imply high storage costs and government payments 
to farmers. The U.S. taxpayers would be burdened with paying for these 
costs. 
As suggested in Table C.23 of Appendix C, Simulation 4 has by far 
the smallest impact on government inventories of feed grain~ and wheat. 
However, cotton government inventories are higher for Simulation 4 than 
for Simulations 2 and 3. It must be kept in mind in evaluating these 
results that it is likely that the government would not hold constant its 
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acreage control program as is assumed in these simulations, Als-o 
government exports would probably increase to reduce stocks.. Thes-e 
poss-ibilities were not considered at this time because the -main concern 
of this study was to es-timate the impacts of parity crop prices upon the 
livestock s-ector. However, the results- do suggest that further government 
action in the crop sector would be neces-sary to prevent high costs- to the 
U.S. taxpayers. 
Simulations 5-8 assume that beef imports are 5, 10, 15, and 20 percent 
higher than for Simulation 1. The retail price of beef declines below 
Simulation 1 levels for all four alternatives. In 1979, the beef retail 
price declines by .77, 1.54, 2.31, and 2.08 percent for Simulation 5-8 
respectively. These percentages translate into 1.37, 2.73, 4,10, and 
5.46 cent decreases in the retail price of beef for 1979. The retail 
prices of substitute meat also decline slightly in 1979 as the larger 
supply of beef encourages consumers to substitute beef for other meats. 
By 1980, lower farm prices cause the production of all five commodities 
to decline resulting in a decrease in cash receipts. For the 1996-2000 
period, the production of all commodities except turkey is slightly higher 
for Simulations 5-8 than for Simulation 1. This happens because in the 
early years of the analysis period, the increase in beef imports causes 
the farm prices of all livestock and poultry commodities to decline which 
in turn causes meat production to decline and the commercial demands for 
the crop commodities to decline. The result is a build up of crop inventories 
which causes crop prices to fall. Lower feed grain and soybean prices 
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eventually encourage expansion in livestock and poultry production~ off-
setting the production depressing effects of lower livestock commodity 
prices. In all instances, except for pork in 1996-2000 period and for 
lamb, expansion of beef imports. in Simulation 5-8 caus·es· less than a 1 
percent change in production from Simulation 1. 
In 2000, beef retail prices decline by 1.78, 3,57, 5.37, and 7,18 
percent from Simulation 1 for Simulations 5-8, respectively, Thes·e 
percentages represent retail prices which are 3.54, 7.11, 10.69, and 
14.29 cents below those for Simulation 1. 
In summary the results of the four beef import simulations suggest 
that a 5 percent increase in beef imports would have little impact on 
reducing beef retail prices in the initial year of analys·is (1. 37 cent 
reduction in 1979). The impact of a 20 percent increase in beef imports 
would be a reduction in the retail price of beef by approximately 5.50 
cents per pound in 1979 which is much more impressive with regard to its 
impact upon consumers. 
The impact upon livestock and poultry producers would not be so 
encouraging, however. Farm prices of all commodities would be reduced 
and cash receipts for all commodities except lamb and mutton would decline. 
The tradeoff between the benefits to consumers of lower retail prices and 
the losses of producers becam~e of lower farm prices and cash receipts 
must be weighed before enacting such a policy. Not only are farm prices 
to livestock and poultry producers reduced but prices received by crop 
farmers are also reduced as the demand for feed declines. 
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APPENDIX A: STATISTICAL CONSIDERATIONS 
The model presented in this study is composed of variables whose 
values are determined by the solution of the model. These variables are 
called endogenous variables or jointly dependent variables. They are the 
unknowns for which the model is solved. It also is composed of exogenous 
and lagged endogenous variables which are called predetermined variables. 
The values of the exogenous variables are given and known before the model 
is solved. Lagged endogenous variables are endogenous variables whose 
values are determined by the solution of the model in a preceeding time 
period. In some cases, a current endogenous variable also can be classified 
as a predetermined variable in relation to another endogenous variable if 
its solution is derived entirely within another portion of the model [27, 
pp. 46G-61]. The relationships among the variables of the model are 
estimated by econometric methods described later in this appendix. 
General Structural Form 
For a unique model solution to exist, the structural form 
of a model must contain as many relationships as there are endogenous 
variables. That is, there must be as many equations as unknowns in the 
model. As described by Kmenta [16, p. 534], the general structural form 
of an equation system with G equations, G endogenous variables and K 
predetermined variables can be expressed as follows: 
By + rx 
t t u ' t 
(t 1, 2, .•• , T) (A.l) 
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where 
Yzt xzt [ylt] ~Gt (Gxl) [
l j 
~Kt (Kxl) 
ut = [~~~ 
~GtJ (Gxl) 
and yt is a vector of the t-th observations on the jointly dependent 
variables; xt is a vector of the t-th observations on the predetermined 
variables; ut is a vector of the disturbances for the t-th period; and 
ylK] Yz  
tGK (GxK) 
is a matrix of the coefficients of the predetermined variables. 
The B matrix represents the coefficients of the jointly dependent 
variables. It is used to distinguish between the various types of 
model structures. A triangular B matrix such as 
0 ••• 0 ] 
Szz. : 
. 0 
••• SGG 
(A.Z) 
is associated with a recursive system while a block-recursive system is 
represented by 
B = [~11 
BRl 
0 ••• ? ] 
B22. 0 
. B 
•••• RR 
(A.3) 
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where the B's are matrices of given dimensions and there are R blocks 
of jointly determined endogenous variables. The equations within 
each block are simultaneously determined while the equations across 
blocksare recursive. A simultaneous structure is represented by a 
B matrix which contains non-zero elements on both sides of the 
diagonal. 
If the model is identified, the reduced form equations of the model 
structure can be derived directly from the structural equations represented 
by equation A.l. The reduced form model is expressed as follows: 
-1 
-B fx 
t 
(A.4) 
Estimation Procedures 
The econometric techniques used to estimate the structural equations 
of the livestock and the crop models are; ordinary least squares (OLS), 
autoregressive least squares (ALS), two-stage least squares (2SLS), 
autoregressive two-stage least squares (A2SLS), three-stage least squares 
(3SLS), and autoregressive three-stage least squares (A3SLS). The estima-
tion method chosen for any particular equation depends upon the assumptions 
about the structural equation disturbances and upon the model structure as 
represented by the B matrix. 
The assumptions about the structural disturbances include those 
of the classical normal linear regression model which are [16, p. 535]: 
u = N (0, E), 
t (A.5) 
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t, s = 1, 2, ... , T, (A. 6) 
t f. s, 
where r is the variance-covariance matrix of the structural disturbances. 
Equation A.S states that the mean of the disturbance of each equation 
is zero and the variance-coveriance matrix of the structural disturbances 
is E. Notice that it is not assumed that E is diagonal. Therefore, 
equation A.S allows the structural disturbances to be correlated across 
equations. 
Equation A.6 rules out the presence of autocorrelation. The 
disturbance of any particular relationship in the system is not 
correlated from one time period to the next. 
Two additional assumptions are found in Goldberger [9, p. 300]. 
The covariance matrix of the predetermined variables is nonsingular 
and any dependence among the predetermined variables is sufficiently 
weak such that 
= r 
xx, 
where r is the covariance matrix of the predetermined variables. 
XX 
(A. 7) 
Equation A.7 is necessary in order for estimates of the regression 
model parameters to exist. In addition it is assumed that 
T 
plim L xtut = 0. 
t=l 
T 
(A.8) 
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This assumption suggests that predetermined variables are not correlated 
with the structural disturbances. 
The estimation procedures which are discussed below are based on 
variations in the above assumptions. 
Ordinary least squares 
Ordinary least squares (OLS) generally gives inconsistent estimates 
of the parameters of a system of equations if A.5-A.8 are assumed. Assump-
tion A.S places no restrictions on~ which allows the disturbances across 
equations to be correlated. Under these conditions, if a current 
endogenous variable occurs on the right-hand side of a relationship, it 
will be correlated with the disturbance of that equation. This is the 
property of ~ which causes OLS to produce inconsistent estimators. 
The problem with using OLS to estimate the structural parameters 
of a system can be further explained by a simple recursive two-equation 
system. 
Xlbl + Ul, 
Yly2 + X2b2 + U2' 
where Y1 and Y2 are jointly dependent variables, u1 and u2 are 
disturbances, x1 and x2 are predetermined variables, and b1 , b2 and 
(A.9) 
(A.lO) 
y2 are parameters to be estimated. If u1 and u2 are positively 
correlated then an increase in u1 causes Y1 to increase. At the same 
time it causes u2 to increase. Hence, Y1 and u2 are correlated rendering 
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OLS inappropriate in the estimation of equation A.lO. 
If, however, the B matrix of endogenous parameters is triagular 
indicating a recursive model structure and ~ is diagonal, (~ and u2 of 
equations A.9 and A.lO are uncorrelated) then OLS yields consistent 
estimators. Under these assumptions no endogenous variable found on the 
right-hand side of an equation will be correlated with the error term in 
that equation. 
Not only are consistent parameter estimates obtained by OLS but 
the estimators are efficient which means they have the least possible 
variance. The proof of obtaining consistent and efficient parameter 
estimates from OLS for a recursive model structure with a diagonal 
E matrix is found in Johnston [15, pp. 377-78] and Kmenta [16, pp. 585-86]. 
In general, the livestock and crop models are recursive in structure 
with the exception of some simultaneous blocks in the livestock model. 
Ordinary least squares is used to estimate the parameters of those 
recursive equations for which a lack of correlation is found between 
right-hand side endogenous variables and the equation's structural disturbance. 
Tests are performed on recursive equations which include a right-hand 
side current endogenous variable. In most cases the test consists of 
reestimating an equation with an additional variable. The new variable 
is the estimated residual from the equation which determined the right-hand 
side endogenous variable previously in the model. A two-tailed t-test 
is performed on the coefficient of the estimated residual. If the coefficient 
for the estimated residual is nonsignificant at the 5 percent level, the 
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disturbances are assumed to be uncorrelated and OLS is used as the estimation 
technique for that particular equation. The computer algorythm used to 
estimate the OLS equations is found in Ray [21]. 
A brief proof of the validity of the test mentioned above is now 
presented. Suppose we have the two-equation model represented by equations 
A.9 and A.lO. The OLS residual for equations A.9 is: 
( ( ~ )-1 ~) U1 = I X X X X y 
- 1 1 1 1 1' (A.ll) 
~ -1 ~ 
= Y 1 - xl (xlxl) xl Y 1 = Y 1 -
A 
Substituting x1b1 + u1 from equation A.9 into equation A.ll gives 
A 
(A.l2) 
A 
From equation A.l2 we see that u1 is a linear combination of u1 . 
Therefore, if the covariance of u1 and u 2 equals zero then the covariance 
of ul and u2 equals zero because ul is a linear transformation of ul. 
This also implies that the expected value of the regression coefficient 
for u1 (o 1) in equation A.l3 is zero. 
(A.l3) 
Therefore a t-statistic for o1 is a test of the hypothesis that u1 and 
u2 are uncorrelated. 
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If more than one current endogenous variable is found on the right-
hand side of an equation, then both estimated residuals from the previous 
equations are included in the equation. An F-test is performed on the 
coefficients. If the F-test indicates nonsignificance, then it is assumed 
that the residuals of the three equations are uncorrelated and again OLS 
is used to estimate the equation. 
If a right-hand side endogenous variable is found to be uncorrelated 
with the equation disturbance, then it can be treated as predetermined 
in the equation [27, pp. 460-61]. If the above test is performed from one 
equation to the next in the recursive structure and no significance is 
found, then each equation can be thought of as an entity in and of 
itself, apart from the system. In this case, each and every equation of 
a recursive system can be estimated separately by OLS. 
If in the course of testing for correlated errors significance is 
found, however, then the two equations should be treated together as a system. 
The test described above breaks down for succeeding equations in the 
recursive structure. Succeeding equations are tested by a similar 
method suggested by Fuller [5, pp. 57-58] which accounts for the variables 
from the preceding equations of the system. The test is performed in 
two stages. The first stage estimates the reduced form equations of all 
endogenous variables which occur on the right-hand side of the equation. 
These reduced form equations are estimated by regressing each right-hand 
side endogenous variable on all of the predetermined variables of the system. 
Any equations which were previously determined not to have correlated 
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errors are not included in the system. The second stage is to estimate 
the particular structural equation by including an additional set of 
variables. The new variables are the reduced form residuals of the right-
hand side endogenous variables derived from the estimated equations in 
stage one. An F-test is then performed on the coefficients of these estimated 
residuals. If the test is significant, the particular equation is included 
in the system and is estimated by a system method discussed later. If 
the coefficients of the estimated residuals are nonsignificant, it is assumed 
that the error in the equation is not correlated with the errors of the 
equations in the system and OLS is used to estimate the equation in the 
absence of autocorrelation. 
Autoregressive least squares 
Autoregressive least squares (ALS) is the estimation technique used 
for those recursive equations which are determined not to have right-hand 
side endogenous variables correlated with their disturbances and which 
violate assumption A.6. Violation of assumptionA.6 indicates autocorrelation 
among time periods for the structural disturbance of a particular equation. 
Even if autocorrelation is present, OLS gives unbiased and consistent 
estimates of the structural parameters if all the other assumptions of 
the OLS procedure hold. However, the estimates are not efficient. That 
is, they do not have the minimum possible variance. As a result, tests 
of significance are biased because estimated variances are biased. Tests 
of hypotheses are unreliable causing the acceptance of results which are 
possibly incorrect [16, pp. 273-282]. 
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The equations in this study are estimated with lagged dependent 
variables in many instances. Fuller and Martin [7] suggest that lagged 
dependent variables complicate matters when autocorrelation exists 
by producing biased as well as inefficient estimators. Also, standard 
tests for autocorrelation are biased toward indicating no autocorrelation. 
The equations which satisfy the assumptions for the OLS procedure, 
except for A.6, are estimated by a procedure described by Ray [20, pp. 
72-78]. This procedure is called autoregressive least squares. It is 
a special case of modified Gauss-Newton nonlinear least squares which 
provides consistent and asymptotically normal estimates. The procedure 
minimizes the residual sum of squares through an iterative process. 
Starting values for the autoregressive parameter and the regression 
coefficients are obtained from OLS estimates and fed into the procedure. 
Each successive interation reestimates these parameters such that the sum 
of square residual is reduced. Interations continue until the estimated 
parameters of the equation change by only a very small amount. When 
almost no change in the estimated parameters occurs, the estimated 
coefficients of the final interation are the maximum likelihood estimators. 
The procedures for using ALS for equations with and without lagged endogenous 
variables are found in Ray [21]. 
The criteria for estimation with OLS and ALS are mentioned below. 
Each recursive equation which satisfies the assumptions for OLS is first 
estimated with OLS. Each of the equations which in addition has a lagged 
dependent variable is estimated with ALS. If the estimated autoregressive 
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parameter is found to be nonsignificant, no autocorrelation is assumed 
and the OLS equation is used. If the autoregressive parameter is significant, 
the ALS equation is used. Those equations without a lagged dependent variable 
are estimated with ALS if the Durbin-Watson Statistic indicates possible 
autocorrelation. If the estimated autoregressive parameter is significant, 
the ALS equation is used, otherwise the OLS equation is used. 
Two-stage least squares 
Two-stage least squares (2SLS) is a procedure which provides both 
consistent and efficient parameter estimates if E of A.S is diagonal 
(disturbances across equations are not correlated), if the B matrix 
has elements on both sides of the diagonal (a simultaneous system), 
and if assumptions A.6 through A.8 hold. Based upon these assumptions, 
the right-hand side endogenous variables of an equation will be correlated 
with the disturbance term of that equation even though it is assumed the 
across equation disturbances are uncorrelated [19, pp. 267-68]. The 
derivation of the 2SLS estimators can be found in Johnston [15, pp. 380-84]. 
The estimation of the 2SLS equations is performed with SAS.76 [2]. 
The only equations which fall into this category are sam~ of the 
farm-retail margin equations of the livestock model. The farm-retail 
margin equation within a particular submodel forms a simultaneous 
block with the farm price identity. Therefore, the current farm price 
is correlated with the disturbance in the farm-retail margin equation. 
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Autoregressive two-stage least squares 
If all of the other assumptions relating to 2SLS are met except 
for assumption A.6, then autoregressive two-stage least squares (A2SLS) 
should be used to arrive at consistent and efficient estimates of the 
parameters. 
A procedure suggested by Fuller [6] for A2SLS provides consistent 
and quite efficient parameter estimates. The steps of the procedure 
using SAS.76 are as follows: 
1. Estimate the equation with 2SLS treating the lagged endogenous 
variables as endogenous and using only exogenous variables 
as predetermined variables. 
A 
2. Use the estimated residuals (Us) calculated from the estimated 
equation of step 1 in AUTOREG to obtain a first estimate of the 
A A 
autoregressive parameter (p1) by regressing the Us on a column 
A 
of ones. Transform all variables in the system using pl. 
A 
3. Take the transformed data into SYSREG and add U l to t- the 
model. Estimate the augmented model by 2SLS using the 
transformed data and including the transformed lagged dependent 
variables as predetermined rather than endogenous variables. 
A A A 
The coefficient for Ut-l is called ~p and is added to p1 to 
A 
obtain an estimate of the autoregressive parameters (p ). 
This procedure is used to estimate only four equations in the 
livestock model. However, the estimated,autoregressive parameter is 
nonsignificant in each of the four farm-retail margin equations. There-
fore, the 2SLS equations are used. 
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Three-stage least squares 
If assumption A.S-A.8 hold for the system with E containing non-zero 
elements on both sides of the diagonal, then 2SLS gives consistent estimates. 
However, these estimates are not efficient. Three-stage least squares 
(3SLS) provides efficient estimators of the parameters because generalized 
least squares which uses an estimate of L to reduce the variance of the 
parameter estimates is applies as a third stage. 3SLS is used to estimate 
those recursive equations which have current endogenous variables on the 
right-hand side, which are determined to be correlated with the disturbance 
term of the equation. This condition only occurs when errors across 
equations are correlated. Those recursive equations which have disturbances 
which have been determined not to be correlated with disturbances of other 
equations are estimated by OLS. However, if testing indicates correlation 
of disturbances across equations, 3SLS is used to obtain both consistent 
and efficient estimates [19, pp. 269, 282]. 
Autoregressive three-stage least squares 
If all of the assumption relating to 3SLS hold except for assumption 
A.6, then autoregressive three-stage least squares (A3SLS) gives more 
efficient parameter estimates than does 3SLS. Also, if lagged dependent 
variables are included it gives consistent estimates. A detailed description 
of the A3SLS estimation procedure is found in Wang and Fuller [79, pp. 9-11]. 
These steps are outlined as follows: 
1. Estimate each equation in the system with 2SLS treating lagged 
endogenous variables as predetermined variables. 
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2. Take the D's from each equation into AUTOREG and calculate 
p1 for each equation. Transofrm the data in each equation 
by the p1 calculated for that equation. 
3. Take the transformed data into SYSREG and add the Ut_1 's 
to the system. Estimate the augmented model by 3SLS using 
the transformed data and including the transformed lagged 
endogenous variables as predetermined rather than endogenous 
variables. 
The coefficient of U is added to p1 to arrive at p for a particular ~1 
equation in the system. 
Each group of equations which is estimated by 3SLS is also estimated 
by A3SLS. If none of the p's is significant, the 3SLS equations are 
used in the model. If all of the p's are significant, the A3SLS equations 
are used. The system is reestimated if some of the p's are nonsignificant 
assuming the p's for those equations are zero. In the models presented 
in this study none of the p's is significant. Therefore, the A3SLS 
equations are not used. 
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APPENDIX B: CROP MARKET MODEL EQUATIONS AND DATA SOURCES 
This appendix contains the equations of the CARD crop market model 
and data sources from which the equations are estimated. 
Crop Market Model Equations 
The econometric equations and identities for the feed grain, wheat, 
soybean, and cotton submodels are presented along with accompanying 
statistics. The estimated coefficients are accompanied by t-statistics 
in parentheses. The method of estimation is symbolized by OLS for 
ordinary least squares, ALS for autoregressive least squares, and 3SLS 
for three-stage least squares. For autoregressive least squares equa-
A 
tions, the estimated autoregressive parameter (p) is presented along 
with its t-statistic in parentheses. The coefficient of determination 
(R2), mean square error (MSE), and Durbin-Watson Statistic (DW) are also 
presented where applicable. Table B.l. contains definitions of the 
variable names used in the CARD crop market model presented in this 
appendix. 
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Feed grain submode1 equations 
FG-ACt = 148.3190 - .1936 FG-DIV - 8.3925 FGBASE 
(1.663) t (2.742) 
- 284.4673 SB-PR 1 /FG-PR 1 - 177.1842 (W-PRt_1 /FG-PRt_1)WPRDUM (1.869) t- t- (3.877) 
- .6876T, 
(5.165) 
OLS, R2 = .9475, MSE = 13.7008, DW = 1.919. 
FG-SUPPLY = FG-PRO + FG-TINV 1 + FG-IMPTS . t t t- t 
FG-PR 
t 
87.5643 + 6.5147 FG-LR + 19.5067 FMDUM1 
(1.303) t (4.040) 
- .2624 FG-SUPPLY + .1629 FG-EXPTSt' 
(4.529) t (1.027) 
3SLS. 
CNPRt = -.0475 + .0298 FG-PR , 
(56.244) t 
OLS, 2 R = .9922, MSE = .0011, DW = 1.7785. 
FG-CDEM = 64.7607- 15.5395 FMDUM2- .9118 FG-PR 
t (2.739) (3.653) t 
+ 1.4090 LV-PR + 3.0271 T, 
(4.220) t (15.261) 
3SLS. 
FG-TDEMt = FG-CDEMt + FG-EXPTSt. 
FG-TINVt = FG-SUPPLYt- FG-TDEMt. 
(B.1) 
(B.2) 
(B 3) 
(B.4) 
(B.5) 
(B.6) 
(B.7) 
(B.8) 
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FG-GINVt 32.4100 + 1.1480 FG-TINVt + 8.9157 FG-LRt, 
(29.991) (5.772) 
=- (B.9) 
OLS, 2 R = .9733, MSE = 13.3031, DW = 1.8042. 
FG-CINVt = FG-TINV - FG-GINV . 
t t 
(B.lO 
FG-CRPTSt = - 3990.0923 + .5982 (FG-PRO * FG-PR ) 
(20.697) t t 
+ 798.3541 LNT, (B.ll) 
(10.076) 
ALS, p = -.4375, R2 
(2.305) 
.9430, MSE = 166507.8824, DW = 2.2995. 
FG-GINCt = FG-CRPTSt + FG-GPAYt. (B.12) 
Wheat submode1 equations 
W-AC = 110.9438 - 18.1472 \-1-ALTDUM + 9.5091 W-VLPGDM 
t (13.575) (6.538) 
- .5906 W-SBAR - .8150 W-DIVt - 8.0934 SB-PRt_1/W-PRt_1 , (B.13) (4.262) t (8.092) (3.722) 
ALS, p = -.3892, R2 = .9523, MSE = 4.8141, DW = 2.1553. 
. (2 .168) 
W-PROt = W-ACt * W-Yt. (B.14) 
W-SUPPLY = H-PRO + W-TINV 1 + W-IMPTS . t t t- t 
W-PR 
t 
3.0669 + 1.1901 FMDUMl + .1748 W-LR 
(11. 091) (1.191) t 
- .0007 W-SUPPLY - .0004 (W-SUPPLY * LLRDUM) 
(6.812) t (5.639) t 
+ .0005 W-EXPTS , 
(2.471) t 
OLS, 2 R = .9494, MSE = .0211, DW = 1.5199. 
(B.15) 
(B. 16) 
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W-CDEM = 43.8028 + 42.8935 FMDUM1 + 4.4422 LV-PR 
t (2.178) (3.391) t 
- 95.0363 W-PR + .5140 W-CDEM 1 , (4.948) t (4.481) t-
(B.17) 
3SLS. 
W-FOOD = 464.1740 + 20.5026 FMDUMl + 15.9147 WRDUM1 
t (4.051) (3.731) 
- 15.4144 (W-PR + W-MC )+ .0301 PINC , 
(4.324) t r (7.503) t 
(B.18) 
3SLS. 
W~TDEMt = W-CDEMt + W-FOODt + W-EXPTSt. (B.19) 
W-TINVt = W-SUPPLYt - W-TDEMt. (B.20) 
\-J-GINV = -206.7987 - 267.1816 FMDUM1 - 146.4695 \-JRDUM1 
t (2.853) (1.301) 
+ 102.5850 W-LR + .6076 W-TINV + .3306 W-GINV 1 • (2.107) t (5.132) t (3.290) t- (B.21) 
3SLS. 
(B.22) 
W-CRPTS = -184.7690 + .9022 (W-PROt * W-PRt) + 64.9603 LNT, 
t (53.465) (3.327) (B.23) 
ALS, ; = -.5900, R2 = .9826, MSE = 14407.9551, DW = 1.9117. 
(3.491) 
W-GINCt = W-CRPTSt + W-GPAYt. (B.24) 
Soybean subrnode1 equations 
SB-AC = 13.5195 + 7.2507 FMDUMl- .7137 FG-PR 1/SB-PR 1 
t (5.470) (3.684) t- t-
114 
- 4.4876 W-PR 1 /SB-PR 1 - .3029 CT-PR 1 /SB-PR 1 (1.432) t- t- (1.761) t- t-
+ 1.1104 T, 
(11. 287) 
(B.25) 
ALS, p = .5920, R2 .9943, MSE = 1.3149, DW = 1.4148. 
SB-PRO = SB-AC * SB-Y . t t t (B.26) 
SB-SUPPLY = SB-PRO + SB-TINV 1 + SB-IMPTS . t t t- t (B. 27) 
SB-PR = .3402 + .9715 FMDUM1 - .9978 SB-LPRDUM + .4376 SB-LR 
t (2.973) (1.878) (1.866) t 
+ .0066 SB-EXPTS - .0021 SB-SUPPLY + .6035 SB-PR 1 , (B.28) (4.629) t (4.228) t (3.616) t-
OLS, 2 R = . 9130, MSE = .0454,. DW = 2.229. 
SB-CDEMt = -220.6619 + .9820 FG-CDEM - 53.5980 SB-PR 
(1.574) t (3.618) t 
+ 6.5507 LV-PR + 23.7674 T + .2160 SB-CDEM 1 , (5.340} t (6.397) (1.588) t-
(B.29) 
2 OLS, R = .9884, MSE = 727.2567, DW = 1.7223. 
(B.30) 
SB-TINVt = SB-SUPPLYt - SB-TDEMt. (B. 31) 
SB-GINCt = -7.3341 +.9449 (SB-PRO * SB-PRt), 
(23.167) t (B.32) 
2 OLS, R = .9538, MSE = 114026.4368, DW = 2.1548. 
Cotton submode1 equations 
CT-AC = 29.0791- 4.7336 CT-ALTDUM- .7010 CT-DIV - 1.0053 CT-SBAR 
. t (7.540) (4.304) t (5.136) t 
+ .0405 CS-PR 1 - 54.1563 W-PR 1/CT-PR 1 (1.981) t- (1.858) t- t-
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- 1.7811 FG-PR 1/CT-RP 1 - .4602 T, (1,520) t- t- (10.448) (B.33) 
OLS, R2 = .9727, MSE = 1.0415, DW = 2.3281. 
CT-PROt = CT-AC * CT-Y . (B.34) t t 
CT-SUPPLYt = CT-PROt + CT-TINVt_1 + CT-IMPTSt. 
CT-CDEMPt 
12.4325 + 8.1712 FMDUM2 + 6.4063 WRDUM1 - .2834 CT-SUPPLY 
(3.806) (2.910) (1,581) t 
+ .8246 CT-LR + 13.8807 CT-PRDUM, 
(10.675) t (4.315) 
OLS, R2 .9070, MSE = 8.6901, DW = 2.0370. 
(3.334) (1.325) (1.962) 
e-4.6099 - .2493 FMDUM2 PINC .7089 CT-PR -.2101 
t t 
(3.066) (1.512) 
POLYPR · 414° CT-CDEMP · 3442 t t-1 
3SLS. 
CT-CDEMt = CT-CDEMPt * POPt/100. 
CT-TINV 
t 
CT-GINVt 
CS-PROt 
CT-CDEMt + CT-EXPTSt. 
CT-SUPPLY - CT-TDEM . 
t t 
-3.9860 + .0414 CT-LR + .8727 CT-TINV , 
(1.590) t (12.727) t 
.8953, MSE = 1.7296, DW = 1.4615. 
155.7182 + .3973 CT-PROt- 13.1610 T, 
(52.294) (2.748) 
(B.35) 
(B.36) 
(B. 37) 
(B.38) 
(B.39) 
(B.40) 
(B. 41) 
(B.42) 
ALS, p = .5515 , R2 = .9946, MSE = 6470.1763, DW = 2.1038. 
(3. 297) 
CS-SUPPLY = CS-PROD + CS-TINV 1 + CS-IMPTS . t t t- t (B.43) 
CS-PR 
t 
CTS-CRPTS 
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43.3551 - .0083 CS-SUPPLY + 23.8197 SB-PRt 
(4.146) t (8.167) 
+ .2336 CS-LR - 1.1466 T 
(1.445) t (2.342) 
2 OLS, R = .8016, MSE = 76.8677, DW = 2.0129. 
= 520.5813 + .8640 (480.0 CT-PRO * .01 CT-PRt t (14.707) t 
+ .001 CS-PROt * CS-PR ) - 15.309 T, 
t (2.350) 
OLS, 2 R = .9693, MSE = 27291.0902' DW 1. 9947. 
CTS-GINCt CTS-CRPTSt + CT-GPAYt. 
Crop Market Model Data Sources 
(B.44) 
(B.45) 
(B.46) 
The data sources listed below are used to construct the times series 
for the crop market model. The annual time series cover the period from 
1949 through 1976. All price and income data used to estimate the crop 
market model are in 1967 dollars. Variable definitions are found in Table B.l. 
This section includes sources of annual time series by crop for 
prices received by farmers (PR), harvested acreage (AC), yield per 
harvested acre (Y), production (PRO), supply (SUPPLY), total inventory 
(TINV), commercial inventory (CINV), government inventory (GINV), 
commercial demand (CDEM), total noninventory demand (TDEM), exports 
(EXPTS), imports (IMPTS), and gross income (GINC). 
Feed grain sources: 
U.S.D.A. Feed Situation [50, 51]. 
U.S.D.A. Feed Statistics, Supplement for 1971 ~3 ]. 
U.S.D.A. Feed Statistics Through 1966 (52.]. 
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U.S.D.A. Agricultural Statistics t31, 33]. 
U.S,D.A. Farm Income Statistics [47]. 
U.S.D.A. Farm Income Situation [44, 45, 46t. 
Agricultural Stabilization Service. 1973 Set-aside 
Programs Annual Report [1]. 
Wheat sources: 
U.S.D.A. Wheat Situation [74, 75]. 
U.S.D.A. Agricultural Statistics [31, 32, 33]. 
U.S.D.A. Farm Income Statistics [47i. 
U.S.D.A. Farm Income Situation [45, 46]. 
U.S.D.A. Food Grain Statistics Through 1967 [561. 
Agricultural Stabilization Service. 1973 Set-aside 
Programs Annual Report [1]. 
Soybean sources: 
U.S.D.A. Agricultural Statistics [30, 34]. 
U.S.D.A. Farm Income Statistics [47]. 
U.S.D.A. Farm Income Situation [44, 4S, 46]. 
U.S.D.A. U.S. Fats and Oils Statistics [49]. 
Cotton and cottonseed sources: 
U.S.D.A. Statistics on Cotton and Related Data [64, 73]. 
U.S.D.A. Agricultural Statistics [31, 33]. 
U.S.D.A. Farm Income Statistics [47]. 
Agricultural Stabilization Service. 1973 Set-aside 
Programs Annual Report [1]. 
U.S.D.A. Fats and Oils Situation [69]. 
U.S.D.A. U.S. Fats and Oils Statistics [49t. 
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Sources for other data used in crop model 
DIV: 
U.S.D.A. Agricultural Statistics [31, 32] 
LR: 
U.S.D.A. Agricultural Statistics (30, 31, 33] 
MC: 
U.S. Congress. Public Law 91-524 [28] 
Hadwiger, Don F. Federal Wheat Commodity Programs [11] 
PINC: 
U.S.D.C. Survey of Current Business [77] 
POLYPR: 
·POP: 
SBAR: 
CPI: 
U.S.D.A. Cotton and Wool Situation [43] 
U.S.D.A. Cotton Situation [42] 
U.S.D.A. Agricultural Statistics [31, 33] 
Hadwiger, Don F. Federal Wheat Commodity Programs [11] 
U.S.D.C. Survey of Current Business [77] 
IPPBF: 
U.S.D.A. Agricultural Statistics [31, 33] 
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Table B.l. Definitions of variable code names and other symbols used 
in Appendix Ba· 
Variable 
code name 
AC 
PRO 
y 
SUPPLY 
CNPR 
CDEM 
FOOD 
CT-CDEMP 
TDEM 
TINV 
GINV 
Definition 
Harvested acreage (million acres) 
Crop production (FG, million short tons; W and SB, 
million bushels; CT, million bales; and CS, million 
short tons) 
Crop yield per harvested acre (FG and CS, short tons; 
Wand SB, bushels; and CT, bales) 
Beginning crop year supply defined as the sum of 
production, carry-in stocks, and imports (same units 
as production) 
Average crop year price received by farmers (FG and 
CS, dollars per short ton; W and SB, dollars per 
bushel; and CT, cents per pound)· 
Average crop year price received by farmers for corn 
(dollars per bushel) 
Total domestic crop year demand for all uses, except 
wheat which excludes food demand (same units as 
production) 
Crop year demand for wheat as food (million bushels) 
Domestic demand for cotton per capita multiplied by 
100 (bales) 
Total domestic crop year demand for all uses plus 
exports (same units as production) 
Ending crop year inventory (same units as production) 
Government-owned ending crop year inventory (same units 
as production) 
aPrescripts used in this appendix refer to commodity groups: feed-
grains (FG), wheat (W), soybeans (SB), cotton lint (CT), cottonseed (CS), 
and cotton lint plus cottonseed (CTS). 
bAll prices and incomes are deflated by the Consumer Price Index 
1967=100 except when used to determine acreage in which case they are 
deflated by the index of prices paid by farmers 1967=100. 
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Table B.l. Continued 
Variable 
code name 
CINV 
CRPTS 
GINC 
SBAR 
DIV 
FGBASE 
WPRDUM 
T 
LNT 
IMPTS 
LR 
FMDUMl 
FMDUM2 
EXPTS 
LV-PR 
GPAY 
Definition 
Privately owned ending crop year inventory (same 
units as production) 
Cash receipts from the sale of crops (million dollars) 
Cash receipts plus government payments (million 
dollars) 
Acreage withheld from production under the Soil Bank 
Acreage Reserve program (million acres) 
Acres diverted from production under crop connnodity 
programs (million acres) 
Feed grain base dummy with 1961-1970 
wise 
1 and 0 other-
Feed grain, wheat government program substitution 
dummy with 1954-1964 = 0 and 1 elsewhere 
Time trend with 1949=1, 1950=2, 1951=3, ... , 1976=28 
Natural log of T 
Crop year imports (same units as production) 
Crop government program loan rate (same units as price 
except FG which is the corn loan rate in dollars per 
bushel) 
Free market dummy with 1973-76 1 and 0 otherwise 
Free market dummy with 1974-76 = 1 and 0 otherwise 
Crop year exports (same units as production) 
Weighted average livestock and poultry farm price 
(formed by weighting the farm prices of beef, pork, 
lamb, chicken, and turkey by their respective 
productions in millions of pounds) 
Government payments to farmers under crop programs 
(million dollars) 
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Table B. 1. Continued 
Variable 
code name 
ALTDUM 
VLPGDM 
LLRDUM 
WRDUMl 
MC 
PINC 
LPRDUM 
PRDUM 
POLYPR 
POP 
CPI 
IPPBF 
Definition 
Acreage allotment dummy set equal to 1 for years 
when the allotment was in effect and 0 otherwise 
Dummy for voluntary wheat program with 1965-70 = 1 
and 0 otherwise 
Dummy accounting for low wheat loan rates with 
1964-76 = 1 and 0 otherwise 
War dummy with 1949-51 = 1 and 0 otherwise 
Payment by wheat processors for marketing certificates 
(dollars per bushel) 
Per capita disposable income (dollars) 
Soybean low price dummy with 1975 = 1 and 0 otherwise 
Dummy with 1973 1 and 0 otherwise 
Polyester price (cents per pound) 
U.S. civilian population (million) 
The Consumer Price Index with 1967 = 100 
The index of prices paid by farmers with 1967 100 
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APPENDIX C: TABLES OF RESULTS FOR 
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